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rewriting, 2935 
algebraic 
ground domains, 2587 
identity, 1399 
implementation proofs, 2046 
algebraic implementations 
of abstract data types, 417 
complexity of -, 1277 
algebraic 
independence. 2563 
infinite trees, 5 11 
interpretation of the Xp k-calculus, 3 I 
independence, mutual -, 2563 
institutions, free models in abstract -, 733 
algebraic language, 1062 
theory, 75 1 
words of an -, 666 




laws, 829. 1138, 1736,2631 
L-domains, 1323, 1487 
manipulations, 360 1 
manipulator, 2369 
mechanisms for language processing, 3808 
lattices, category of -, 536 
laws, sound and complete set of -, 3432 
algebraic model, 2623 
for equivalence of programs, 256 
of software. 168 1 
relation -. 3001 
algebraic 
models, 1314, 1778,3062 
modules, 2280 
module specifications, 1439 
number fields, 235 
numbers, 1656 
operators. 1166 
algebraic optimization, 2224 
framework, 2224 
algebraic partial orders, 1417 
algebraic posets. 2 197 
algebraic power series, 1088, 3514, 3806 
in non-commuting variables, 3806 
algebraic principle, 1399 




algebraic proofs, 2806 
of consistency and completeness, 2845 
algebraic properties, 2506, 3766 
for separating Chomsky classes. 901 
algebraic properties of 
data types, 159 
derivations, 1092 
infinite trees, 5 11 
structured flowchart schemes, 192 
the syntactic monoid, 52 
algebraic protocols, 788 
verifiability of two-party -, 788 
algebraic query languages, 1633 
algebraic relations, 536 
algebraic rewriting, 3204. 3324 
systems, 3324 
algebraic, rules, higher-order -, 3374 
algebratc semantics. 179,372, 379, 673, 882, 963. 
1252, 1345, 1555. 1619,2028,2336,3536 
algebraic semantics of 
infinitary theories, 1555 
specifications, 673 
algebraic 
sequences, 35 15 
series, 614, 3514 
sets of infinite trees, 511 
setting, 2099 
signatures, 3642 
semantics, relational -, 842 
set theory, weak -, 2845 
algebraic simplification. 1400 
in computer algebra, 1400 
algebraic software specification, 595 
abstract -. 595 
algebraic soluttons, 3591 
algebraic specifiability of data types, 1591 
algebraic spectfication, 1082, 3202, 3803, 3809 
formalisms. 3803 
languages, 555,603,733 
algebraic specification languages, 
characterization of -, 733 
parameter passing in -, 555 
algebraic specification of documents, 3809 
algebraic specifications. 358, 696, 830, 843, 884, 
974. 1066, 1277. 1306, 1345, 1359, 1489. 
1782,2046,2129,2154,2187,2372, 2577. 
2644,3418,3524,3642 
data type extension problem for -, 696 
algebraic specifications of 
abstract data types, 2889 
concurrent systems, 1306 
algebraic specifications 
parameter&d -, 2577 
primitive operations on -, 830 
semantics of -, 2154 
structured -, 830 
theory of -, 548 
with initial algebra semantics, 548 
algebraic strategies for Wythoff games, 577 
algebraic strong normalization, 1552 
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algebraic structure, 1782, 3575 tree, monadic theory of an -, 2990 
for describing hypergraphs, 1541 
of combinatorial problems, 3766 
algebraical operations for i.s.r. systems, 22 
algebraically closed 
algebraic structures, 797, 829, 865, 1782, 2028, 2345, field, 3713 
2428,2448,3193,3801 
algebraic structures for 
semantics, 191 
transitive closure, 78 





system, 614,666, 1047 
algebraic systems, 520, 810, 1783, 1816 
finite -, 447 
products of -, 4 12 
traversing from rational to -, 520 
algebraic 
technique, 2578 
term rewriting systems, 1552 
terms, 3809 
theories, 510, 612, 61.5, 1314,2587, 3062 
theories as program specifications, 612 
algebraic theories, 
iterative -, 510 
many-sorted -, 973 
algebraic theories of graph grammars, 399 
algebraic theory, 651, 1213 
algebraic theory of &ik, 806 
algebraic theory of fair 
asynchronous communicating processes, 963 
bisimilarity, 3298 
algebraic theory of 





with iterate, 806 
rationally closed -, 806 
algebraic 
tools, 2641 
topology, 13 12 
tools for the semantics of computation, 
fundamental -, 612, 615 
algebraic transformation, 3342 
of partial many-sorted unary algebras. 3342 
algebraic 






ground fields, 1238 
algebraically 
complete categories, 3694 
definable functions, 601 
defined compilers, 3802 
specifiable, 1319 
specified language, 1444 
algebraically structuring 
a compiler, 3 18 
the semantic definition of a language, 318 
algebraicity of bi-infinite word languages, 1614 
algebraicly complete polynomials, 262 
algebraize, 2647 
algebras, 1311, 1345, 1619, 1830, 2039, 2096, 2104, 
2136,2153,2224,2263.2333,2428,2459, 
2541,2544,2548,2616,2641,2644,2647, 
2689,2692, 2796, 3337 
algebras, 
associative -, 316 
Boolean -, 2206.2544 
canonical term -, 595 
category of -, 978,2641 
class of -. 3242 
combinatory -, 2647 
completion of -, 1345 
Acontinuous -, 546 
dynamic -, 2544 
enveloping -, 2548 
equational subsets of general -, 3086 
expansions of combinatory -, 601 
extensions of -, 258 
free -, 5 10,546, 595 
initial -, 1312 
iterative -, 510, 568 
iterative factor -, 568 
Kleene -, 2104.2544.2616 
h abstraction -, 2647 
Lie -, 2218, 2255, 2548 
Lindenbaum-Tarski -, 2544 
mix --, 2038 
noncommutative -, 2548 
algebras of 
finite and infinite trees, 1619 
flowcharts, 318 
meanings, 372 
observable equivalence classes, 1213 
polynomials, 1384 
reals, 3202 
sets of trees, 546 
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types, 3801 
algebras, 
partial -, 2208 
polynomials over -, 13 11 
process -, 2187, 2195.2649, 2143 
psedo-axiomatizable -, 830 
recognizable subsets of general -, 3086 
relation -, 3023 
representable dynamic -, 371 
Scott-Engeler -, 2324 
separately continuous -, 546 
unary partial -, 3342 
v--, 371 
Vietoris -. 2197 
Weyl -, 2548 
algebras without rank, 438 
Algol 60, syntax of -, 260 
Algol60-like languages, 1600 
Algol 68. recursive procedures in -, 416 
Algal-like language. 1502, 3268 
Algal/Pascal family of languages, 1312 
algorithm, 
Angluin’s learning -, 3427 
Berry-Sethi -, 3045 
bitonic sort -, 898 
Buchberger’s -, 2999 
CCP incremental -, 3368 
Christofides -, 402 
deciding satisfiability of equations in free groups, 
3522 
algorithm, efficient -, 942 
parallel -, 927.3396 
algorithm, 
elegant -, 942 
equivalence checking - for LL(k) grammars, 471 
evaluation -, 3 193 
Floyd’s -, 713 
algorithm for 
additive complexity, 3 I 18 
a dynamic problem, 3020 
algorithm for composition of power series, 856 
fast numerical -, 856 
algorithm for 
constructing DFA’s, 3123 
counting degree-constrained graphs, 1370 
detection of repetitions, 458 
distributed sorting on a systolic ring, 730 
divisibility, 1094 
algorithm for equivalence of 
automata, 616 
deterministic push-down automata, 625 
pushdown tranducers, 505 
algorithm for factors of a word, 936 
algorithm for finding 
all factors of a language in a text, 1143 
patterns, 848 
algorithm for 
finite subsystems of equations over an alphabeth. 
768 
floating point addition, 3737 
GAP, 435 
GCD’s in rings of integers, 235 
generating shift-register cycles, 866 
Greibach normal form, 868 
information sharing, 965 
leader-election, 345X 
matrix multiplication, best commutative 
approximate -, 558 
membership for picture languages, 1008 
algorithm for minimal 
factor transducers, 876 
nontrivial congruences, 712 
algorithm for 
permuting sysmbols, 469 
random generation of polynominoes. 3 I40 
recognizabtlity. 807 
regular set-covering problems, 1048 
repetitions in words, 876 
SAT, 3096 
algorithm for set intersection, 969 
probabilistic distributed -, 969 
algorithm for 
shuffles, 920 
SLS representation, 891 
smallest DFA’s, 784 
algorithm for sorting, parallel 
deterministic -, 2897 
randomnized -, 2897 
algorithm for 
square roots modula a prime, efficient 
determimstic -, 475 
&numbering, 927 
string covers, 3255 
testing Church-Rosser, 683 
algorithm for the 
decomposition of semisimple Lie algebras, 3596 
directed subgraph homeomorphism probelm, 209 
forcing domain of a Boolean network, 798 
general packet routing problem, 1030 
many function coarsest partition problem, 786 
multiplication of polynomials over finite fields, 
457 
number of solutions of the a+-game, 3032 
algorithm for 
transforming specifications, 1359 
transitive closure on acyclic digraphs, 1116 
updating minimum spanning trees, I1 19 
algorithm, 
Gaussian elimination -, 3092 
general-purpose -, 988 
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incremental -, 3020, 3368 
Kannan’s -, 815 
linear time serial -, 927 
linear-time string-matching -, 284 
list scheduling -, 3260 
McCreight-Meyer -, 134 
Miller, Ramachandran and Kaltofen’s -, 3193 
minimal network -, 3363 
NC -, 3051,3117 
nonredundant -, 565 
algorithm of 
Aho, Hopcroft and Ullman, 127 
Contejean and Devie, 3366 
Culik and Harju, 609 
Fortenbacher, 3366 
Gabow and Tarjan, 2896 
Lensta, Lenstra and Lovlsz, 667 
reduction to a canonical form, 18 15 
Chandy and Lamport, snapshot -, 964 
algorithm on posets, 3402 
algorithm, 
open ear decomposition -, 1386 
optimal heapsort -, 3174 
parsing -, 260 
pattern matching -, 497 
algorithm performance on heterogeneous networks 
3730 
algorithm, 
polynomial-time semidecision -, 3035 
primitive recursive -, 3184 
probabilistic permutation routing -, 2982 
algorithm, producing 6, 2377 
algorithm, 
recognition -, 3423 
RNC -, 305 1 
safe -, 3127 
set disjointness -, 969 
shellsort -, 3636 
St-numbering -, 927 
string-matching -, 3006 
testing partial confluence, 3681 
time complexity of an -, 3020 
type-checking -, 3009 
unification -, 3252,331s 
varieties, 131 
algorithmic characterization of interior and exterior 
points, 3416 
algorithmic classes, 1797 
algorithmic complexity, 164, 316, 1277 
theory, 3810 
algorithmic 
content of proofs, 1755 
design considerations, 458 
(e.g. combinatorial) problems, 280 
formulae, 437 
graph embeddings, 3475 
information theory, 446 
language learning theory, 2918 
languages, 372 
logic, 248,437, 1485 
logic for while-programs with nondeterministic 
assignments, 794 
algorithmic logic, 
fragment of -, 437 
many-sorted -. 950 
propositional -, 431 
algorithmic probability, 446 
algorithmic problems 
on graphs, 3423 
extremal -, 793 




procedure, programs learned by an -, 3095 
theories, first-order approximation of -, 950 
algorithmical decidability, 1653 







approximation -, 2021, 2465, 2802, 2925 
average case analysis of -. 3717 
best-known -, 24.56, 2483 
bottom-up -, 1400 
boustrophedonic -, 2498 
Cartesian closed category of -, 418 
clustering -, 754 
combinatorial -, 3237 
competitive -, 2437, 2467, 2469 
completeness of -, 59 
concurrent -, 2633 
controlling concurrent access to a database, 1100 
decision -, 2147, 2351 
deriving -, 2304 
designing serial -, 927 
detecting degenerate behaviour of differential 
equations, 3590 
deterministic -, 816, 896 
developing -, 2384 
distributed -, 1207 
divide-and-conquer -, 3236 
dynamic -, 2234 
algorithms, dynamic programming -, 877, 1205 
membership -, 731 
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efficient CRCW-PRAM -, 2 118 
efficient sampling -, 2228 
equivalence of -, 3516 
EREW PRAM -, 3 127 
evaiuation -, 343 1 
exact -, 2029 
factorization -, 7 1 
fairness of random -, 2920 
fastest -, 2543 
firing time -, 138 
algorithms for 
Abelian permutation groups, 1071 
algebraic manipulations, 3601 
alignment, 3559 
alphabetic trees, 1735 
approximate congruence, 1498 
approximate location, 3504 
arrangements, 1722 
associative algebras, 3597 
automata automorphism groups, 177 1 
binary search trees, 3521 
bracket abstraction, 1240 
butterfly dag computation. 3733 
calculating in algebraic extension fields, 172 
canonical forms of circular strings, 1708 
changing GrGbner bases, 3600 
characteristic sets, 1816 
checking in the modal nu-calculus, 1558 
Church-Rosser, 765 
communication on graphs, 1153 
comparison of sequences, 3340 
computing minimal types, 3500 
computing repetitions, 3344 
comunication protocols, 788 
consistency, 3363 
constant propagation, 150 1 
continued fractions, 3659 
cube dag computation, 3733 
cycle detection, 714 
algorithms for DOL 
system equivalence, 387 
systems, 1529 
algorithms for 
data compression, 1715 
dataflow analysis, 3274 
deadlock detection, 1006 
algorithms for deciding 
equivalence, 1019 
functional equivalence, 1343 
whether a monoid is a group, 1242 
the existence of Berge-acyclic views, efficient - 
686 
algorithms for 
decision problems, 3415 
decoding, 1617 
Delaunay diagrams, 1452 
dense matrix multiplication, 3733 
detecting beta-cycles, 1524 
differential bases, 3590 
digital search trees, 1280 
Diophantine equations, 1404 
distinguishing bit-strings, 1530 
DNA sequences. 1205 
DTML, 1437 
dynamic programming, 1706 
algorithms for edge 
colouring, 1401 
edge labelling, 3198 
algorithms for 
enforcing relational cosistency, 3371 
enumerating reliable axioms, 1680 




evaluation of graph-like expressions, 2 18 
extremal paths, 1770 
factorization of polynomials, 667, 3546, 3595 
Fibonacci numbers, 1206 
algorithms for finding 
a leader, 1207 
transversals, efficient -, 680 
algorithms for 
forest matching, 1733 
form equivalence, 122 
generalized satisfiability problems, 793 
algorithms for generating 
codes. 1355 
finite-state automata. 1004 
graphs, 1370 
large primes, 176 
ordered trees, 1089 
trees, 205 
algorithms for graph 
colouring, 1842 




Hamiltonian cycles, 1349 
Hermite canonicai form, 303 1 
heuristic search, 499 
identification of programs, 3495 
algorithms for inclusion 
of tree transformation classes, 3534 
star height, 1694 
20 Subject Index Volumes l-2001 Theoretical Computer Science 213f214 (1999) S-436 
algorithms for inference, 1167 
bases, 1041 
algorithms for 
insertion and deletion in skip lists, 2922 
integer multiplication, 998 
interactive models, 3690 
intersection of halfspaces, 155 
intersections in free groups, 636 
knapsack problems, 69, 1645 
language manipulation, 3808 
largest trees in graphs, 479 
lattice basis reduction, 1025 
LCS, 1703 
leader election, 3729 
learning, 1428, 1618, 1762, 3551, 3552, 3555 
Lie algebras, 1479 
linear Diophantine systems of (in)equations, 3366 
Liouvillan solutions, 3591 
logic resolution, 1305 
matching, 998, 1510 
algorithms for matrix 
computations, 3446 
multiplication, 262 
algorithms for maximal 
codes, 1574 
flow, 427 
network flow, 291 
algorithms for maximum matching, 3403 




membership-inclusion testing, 107 1 
merging, 1566 
metrical task systems, 3542 
minimal subalgebras, ideals and congruences, 712 
algorithms for mmimization of 
deterministic automata, 1713 
sequential transducers, 3520 
algorithms for minimum 
cut, 3476 
length tree layout, 3476 
algorithms for 
midre play, 1787 
modal resolution, 1219 
modes of multisets, 259 
mutual exclusion, 3503 
necklace tours, 1250 
normal hulls in free groups, 636 
algorithms for optimal 
alphabetic trees, 3496 
placement of resources, 3292 
algorithms for 
optimum search trees, 1251 
orders, 3402 
parahehzing database transactions, 1424 
parsing, 1540, 1589, 3803 
partial recursive functions, 46 
pattern matching modulo transformations, 1139 
permutation routing, 1030 
permuting the symbols of an input string, 370 
algorithms for planar 
layouts, 1833 
region location, 347 
algorithms for 
plane representations, 1156 
polynomials and matrices, 3233 
priority queues, 3352 
planarity of a graph, efficient -, 323 
products in algebras, optimal -, 316 
algorithms for products of polynomials, 1609 
modulo a polynomial, 1101 
algorithms for 
program synthesis, 1158 
pseudo-linear algebra, 3 114 
query answering, 1449 
querying databases, 1457 
random generation, 3 141 
rational approximation, 1746 
algorithms for reachability 
and connectivity, 3321 
graphs, 3213 
algorithms for 
reactive systems, 3561 
realization of dynamical systems, 1476 
algorithms for recognition, 1526 
of orders, 34 12 
problems, 1589 
algorithms for recognizing transductions, 763 
improved -, 763 
algorithms for 
reduced lattice bases, 8 15 
relative inclusion star height, 1694 
representation of graphs in the plane, 1156 
representing orders, 3412 
algorithms for routing, 1851, 3736 





scheduling, 1846, 3484 
search games, 646 
searching, 1188, 3563 
segmentation, 3430 
selection, 1271 
semigroups of matrices, 105 
semi-unification, 1516 
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satisfiability, on-line -, 3326 
algorithms for sensitivity analysis, 289 
optima1 -. 289 
algorithms for 
separators in a graph, 335 1 
sequence comparison, 1769 
shift equivalence of polynomials, 3400 
shortest common superstring, 1087 
singuahity of deterministic pushdown automata, 
151 
solving algebraic equations, 3 It 
sorting, 1009, 3729, 3733 
spanning trees, 1207, 3464 
sparse polynomials, 3103 
speech recognition, 1205 
Sprague-Grundy functions, 1418 
squares in a string, 3344 
St-numbering, 45 
algorithms for string 
matching, 1382, 1641, 1705, 1709 
searching, 1704 
algorithms for 
string-matching, 1710, 1711, 1714 
subdirect decomposition, 1847 
subgraph isomorphism, 1194 
subtyping and typechecking, 3299 
task-trees. 3482 
term matching, 1733 
testing whether a groupoid is a group, 79 
algorithms for the 
BRC property, 67 
closure of a matrix, 78 
counterfeit coin problem, 348 1 
decomposition of polynomials, 15 
discrete Fourier transform, 997 
algorithms for the equivalence 
probelm of attribute systems, 365 
problem of attribute systems, 360 
algorithms for the 
full matrix equivalence probelm, 355 
implication problem, 3364 
mtersection of polyhedra, 143 
K-selection problem, 1849 
minimum weighted dominating clique problem, 
1690 
order of regular events, 157 
segmentation of images, 2896 
shortest superstring problem, 305 1 
synthesis problem, 3422 
zeros of recurrent sequences, 136 
algorithms for trace languages, 1717 
algorithms for transforming 
programs, 1376 
sparse matrices, 3092 
algorithms for 
transversals. 680 
tree node enumeration, 86 
trees, 86 
type inference, 1373 
unification, 59. 1598 
updating, 1168 
varying data structures, 1360 
Voronoi diagrams, 1452, 3227 
weighted matching, 1042 
algorithms for word 
functions. 999 
problems. 1747 
algorithms from proofs, 1158 
algorithms, 
fundamental tool of -, 2791 
GCMrI-, 1285 
general-purpose pattern matching -. 2068 
greedy -, 2564.2768 
greedy-style -, 2564 
higher-order -, 2008 
homotopy -, 2529 
algorithms implementations for, 417 
algorithms in 
differential algebra, 3120 
search games, 646 
finite algebras, fast -, 712 
algorithms, 
inefficient -< 2640 
inference -, 2459 
Kedem-Landau-Palem -, 25 17 
learning -, 3026, 3443 
linear-time -. 2217, 2349, 2355, 2735 
mapping image processing -, 2659 
multi-process -. 3356 
mutual exclusion -, 3060 
navi.gational -, 2656 
NC -3 2475,2676,2739,2772 
NC, reduction -, 2418 
Newton -. 2526 
nondeterministic -, 67 
nontrivial translation -, 2787 
algorithms of 
generation, 3 141 
Lehmann and Rabin. 668 
structural synthesis, 1342 
Warshall, Floyd and Keene, 78 
algorithms on strings and arrays, 1641 
algorithms, 
on-line -. 2168.2426 
optimal gossip -. 2433 
algorithms, parallel -, 1335. 2008, 2693. 2767. 2781 
graph -, 1386 
image identification -, 2517 
palindrome detection -. 2667 
RAM -. 2416 
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skip list -, 2922 minsum, 1040 
algorithms, allocation 
planar computation - 1029 schemes, 3563 
polynomial-time -, 2007, 2017, 2072, 2142, steps, 3236 
2355,2408,2447,2501,2604,2738 
polynomial time approximation -, 3211 
primality testing -, 250 
probabilistic -, 2711 
quota -, 3354 
random generation -, 2498 
randomized -, 2469,2473,2612,3115 
randomnized -, 3463 
selection -, 3166 
self-stabilizing -, 3488 
algorithms, sequential -, 2008, 2498 
parsing -, 23 10 
algorithms, 
shortest curve -, 2162 
skeletonization -, 834 
sorting -, 11, 1331,3166 
space-efficient -, 23 11 
standard functional -, 2580 
string matching -, 3078, 3297 
sublinear -, 2082 
testing -, 3443 
thinning -, 834 
timestamp-based -, 2794 
algorithms to 
factorize polynomials, 667 
partition, 396 
algorithms, 
translation of -, 627 
undirected graph -, 3237 
unification -, 4, 1373, 2001.2175, 2686 
varieties of -, 13 1 
vs. circuits, 3698 
Yao’s analysis of -, 127 
alignment of sequences, 3559 
alignment problem, 2697 
all pairs 
reachability, 3267 
shortest paths, 3267 
all-axiom algebraic grammars, 3808 
all-bidirectional-edges, 2722 
all-covers problem, 3255 
Allen, Cocke and -, 171 
Allender, 1419, 2554 





allocation problems under 
minmax, 1040 
storage -, 2148 
Allouche et al., 1817 
allowable forms, 2300 




allowment of possibility for a hypothesis, 3333 
all-pairs shortest-path problem, 2234 
all-zero word, 2 117 
almost 
all oracle sets, 1506 
confluent system, 484 
cylindrical languages, 3 109 
almost everywhere 
complexity, 3004 
continuous function, 2991 
difficult to decide, 385 
almost optimal circuits, 1521 
almost orthogonal rewriting systems, 3244 
almost periodic 




polynomial time, 377 
surely, 3652 
uniform generation, 844 
almost-confluent Thue 
system, 611,690 
systems, equivalence problem for regular -, 869 
almost-equal-delay race model, 1148 
almost-everywhere complexity hierarchy, 2211 
almost-R complexity classes, 3652 
ALNA (algorithmic logic for while-programs with 
nondeterministic assignments), 794 
ALNA, language of -, 794 
ALOGTIME-uniform setting, 2782 
ALOHA, 2116 
collision resolution algorithm, 2116 
resolution algorithm, 2116 
Alonso, 3 139 
o,,-vI products of automata, 1490 
%-products, 1145, 1490, 1631 
a-acyclic scheme, 686 
alphabet, equations over an -, 768 
alphabet of the 
actions, 1678 
synchronization, 1678 
alphabetic homomorphism, 13 
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alphabetic homomorphism theorem, 13 
for hyper-algebraic extensions, 13 
alphabetic homomorphisms, 1303, 1832 
restrictions to -, 1303 
alphabetic 
morphism, 1667,256O 
morphisms, 890.947, 1303 
transductions, 1832 




alphabetic trees, 1735, 3496 
alphabetical FIFO nets, 688 





binary -, 2212,2213, 2710, 2734 
concurrent -, 2505 
constant size -, 2667 
fixed -, 2416 
infinite -( 2557 
least -, 465 
nonordered -, 2756 
one-letter -, 2396, 2428, 2488, 2500 
ordered -, 2287,2756 
unary -, 2213 
alpha-congruence, 1134 
a-q convertibie, 169 
alternating 1-inkdot Turing machines, 2421 
alternating automata, 825, 1050, 1802 
on infinite trees, 1050 
alternating 
bit protocol, 1292, 2439, 3457 
cellular automata, 3417 






languages, properties of -, 1267 
alternating decision trees, 2081 
alternating finite 




log space, 1445 
iogspace hierarchy, 1115 
machines, 708, 1189, 1790.2521 
machines with universal states only, 1790 
model, 1802 
multicounter machines, 1654 
multihead finite automata, 718, 1155, I 189, 251 I 
occurrences, 205 1 
one-way top-down automata, 825 
input read-modes of -, 2771 
machines, synchronized -, 2511 
alternating on-line Turing machines, 828 
space bounded -, 828 
alternating pushdown automata, 1267, 1839 
grammatical characterization of -, 1267 
alternating 
quantification, 3518 
simple multihead finite automata, 718 
time. 708 
time-space complexity, 2177 
TM, 226 
tree automata, 825, 2663 
alternating Turing machine, 1155. 2421 
one-dimensional -, 537 
with only universal states, 2421 
alternating Turing machines, 215,431, 518,537, 
1055, 1269, 1790, 1799, 1835,3346, 3417 
circuit characterization of -, 2771 
with a bounded number of alternations. 3346 
alternating two-way finite 
automata, 25 1 I 
tree automata, 825 
alternating two-way pushdown tree automata, 825 
alternation, 825, 840, 1790, 1802, 3417, 3431, 3541 
between universal and existential states, 3346 
depth, 2403 
alternation 
effect of -, 825 
power of -, 825, 3346 




alternations, 1077. 1509, 2081, 2458, 2562, 2694. 
277 I,3652 
alternations 
of max and min, 1799 
on inputs, 215 
alternative 
composition, I544 




Alur and Dill. 3196 
always operator 
in temporal logic, 3049 
power of the -, 3049 
AM (alternating machine), 1189 
amalgamated product, 3683 
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amalgamation, 2131, 2577 
ambiguities, 1681, 2077, 2305, 2614, 2678 
nonrecursive -, 2077 
ambiguity, 3469 
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hierarchy of -, 2353 
programs over -, 1214 
aperiodic 
rational relation, 3301 
real trace languages, 307 I 
semigroups, 1667 
trace languages, 1806 
word, 322 1 
aperiodicity, 1643 




and Giancarlo, 1710 
et al., 1641 
Appel and Haken. 3067 
applicability 
conditions, 3089 






apphcattons, 404, 405, 455. 464. 497, 499, 501. 527, 
535,558,582,594 
artificial intelligence -. 2796 
database -, 2224, 2565 
geometric -, 2230 
of open ear decomposition, 1386 




languages, nondeterministic -, 626 
programming language, 418 
structure, 601, 895, 2100 
applied calculus, 1407 
approximability 
classes depending on relations and constraints, 
2765 
degree of -, 2765 
of the highest degree subgraph problem, 32 17 
properties of NPOP’s, 319 
results, 319 
schemes for NPOP’s, 319 
approximable,.302 
mappings, 3 110 
problems, 2094 
relations, 3 124 
approxtmant, definitions of -, 1221 
approximants. 559 
approximate 
algorithms, 69, 3364 
answer substitutions, 2370 





approximate counting, 844, 1852, 2021 
of colourings, 1649 
problem, 1509 
randomized -. 844 
approximate 
decision procedures, 2281 
dependency inference, 2793 
geometric sorting, 2076 
26 Subject Index Volumes l-200/ Theoretical Computer Science 213/214 (1999) 5-436 
identification of regular languages, 3427 
inference, 2793 
Newton iteration, 2526 
occurrences of patterns, 1714 




approximate string matching, 3470 
problem, 1382 
approximate string-matching, 1714 
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solutions of polynomial equations, 451 
tensors, 1238 
the stable core, 798 
approximation order, 1741 
approximation, order of - of tensors, 1238 
approximation preserving 
reducibilities, 2802, 2925 









technique for NP-hard problems, 302 
techniques, 1665,2076,2620 
techniques, fast geometric -, 2076 





to a metacircular interpreter, 1664 
theory, polynomial -, 2998 
approximation-preserving reductions, 2094 
approximations, 2021,2029,2094, 2236, 2276, 2370, 
2385,2418,2710,2768,3207 
approximations, 
concrete -, 3355 
object -, 2029 
online -, 2465 
approximations to NP-complete problems, 1182 
approximative 
algorithm, 2055 
Subject Index Volumes l-2001 Theoretical Computer Science 2131214 (1999) 5-436 27 
complexity, 903 
model, 903 
approximative triadic decompositions, 1238 
of tensors, 1238 
a-product, 1832 
APS, 2280 
Apt. 368, 556 
and van Emden, 582, 1458 
Blair and Walker, 2040 
Bol and Klop. 2044 
APT (almost polynomial time), 377 
APX (complexity class), 2802, 2925 
a-quotient, 1832 
arbiters, 2622, 3503 
decentralized daisy chain -, 851 
verification of decentralized daisy chain -, 851 
arbitrarily complex languages, 948 
arbitrarily large prime programs, 1426 
arbitrary fan-in, 1736 
arithmetic computations, 1736 
arc geography, 2141 
impartial -, 2141 
architectural clusters for parallel machines, 1210 
architecture, 1669, 2443, 2660 
computing -, 3316 
fault-tolerant mesh -, 2443 
architectures, 1210, 1333 
arcs, 2132, 2799 
unused -. 2141 
arctical semiring, 2408 
area complexity, 1539, 1805 
area complexity of 
Boolean circuits, 1805 
merging, 1539 
sorting, 1539 










average-case complexity theoretic -, 2175 
transform isomorphic -, 2282 
Aristotle’s syllogisms, 1167 
arithmetic, 1570, 3365 
circuit depth, 1736 
circuits, 1533, 2165, 3193 
complexity, 3233 
axiomatizations of -, 1367 
categorical axiomatizations of -, 1367 
arithmetic expressions, 
bounded inequivalence problem for -, 392 
complexity of -. 392 
simple -, 392 
arithmetic 
formula, 1260 
functions, 1768, 2356 
gates, 1736 
function, nontrivial -, 721 
arithmetic hierarchy, 956, 3468 
of formulas, 570 
arithmetic 
machine models, 1039 
model of computation, 1736 
in temporal logic. interpretability of -, 1367 
interpretation of - in temporal logic, 1367 
lower bounds for Presburger -, 378 
models of -, 2758 
nonstandard models of -( 3040 
arithmetic of 
reversed positional games, 3359 
Sturmian words, 3511 
arithmetic on semirings, 1331 
arithmetic operations, 413, 2428, 2498, 2530, 3100 
arithmetic operations, 
finite-field -, 2165 




properties of the integers, 2981 
Peano’s -, 456 
arithmetic sequences 
distribution of primes in -, 608 
p-adic spectral analysis of -, 1233 
arithmetic straight-line programs, 3 193 
arithmetic, standard model of -, 361 
arithmetic strategies for 
winning Wythoff games in misCre play, 577 
Wythoff games, 577 




characterization of NP, 436 
combinatorial problems, 302 
arithmetical completeness, 1485 







hierarchy, 50, 165, 3087, 3 189, 3230 
operations. 200, 2392, 3365 
28 Subject Index Volumes l-200/ Theoretical Computer Science 213/214 (1999) 5-436 
queries, 3365 
set, 93 1 
theories, 1367 
arithmetically complete and sound proof systems, 
1485 
arithmetics, 2165, 2709, 2758 
arity, 2750, 2791 
Armstrong relation, 676 
Armstrong relations, 524 
Arnborg, 2127 




Arnold-Dicky’s saturating homomorphisms, 3082 
Arnold’s 
monoid, 35 13 
syntactic congruence, 3513 
Arques, 2243 
arrangement of distinct objects on a circle, 717 
arrangements of curves, 1722 
in the plane, 1722 
arrangements, periodic -, 87 
array assignment instructions, 388 
array acceptor, deterministic Turing rectangular -, 
463 
array assignments, 703 
in dynamic logic, 703 
array automata, 1636 
array language, 642 
finite -, 498 
array languages, 1636 
isometric -, 496 
array maintenance problem, 343 
array matching, 1510 
problem, 497, 1510 
array of 
finite-state machines, 1589 
read-only memory, 3166 
array 




as graphs, 496 
dynamic embeddings among -, 429 
encoding - into trees, 232 
increasing sequences of finite -, 498 
infinite --, 498 
of processors, 1083 
quantifier free theory of -, 261 
regular iterative -, 2232 
arrival, 2465.2720 
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secure two-party cascade protocols, 777 
semi-AFP’s, 1565 
sequences of numbers, 1751 
sequential functions, 114 
slices, double -, 173 
small cancellation groups, 980 
square free morphisms, effective -, 383 
stage graphs, 3403 
star-free languages, 1568, 1667 
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asynchronous processes, 534 
boundedness of database schemes, 1857 
classes of languages by machine models, 1636 
complete programs, 1826 
complexity classes, 1844 
DOL languages. 5 
fault tolerance. 2440 
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nondeterministic -, 699 
choice operators, 1828 
choice sequences, 2332 




and Stanley homomorphic characterization of 
context-free languages, 706, 867 
classes of languages, 901 
Chomsky hierarchy, 440,441,489, 1762,2077,2309, 
2608.3690 
of adherences, 440 
Chomsky normal form 
for context-free string grammars, 613 
grammar, 800 
Chor, Beimel and -, 3837 
58 Subject 1nde.x Volumes I-200/Theoretical Computer Science 213/214 (1999) 5-436 
chord, path without -, 2726 
chordal 









Christensen, result of -, 2786 
Christoffel 
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Church-Rosser approach to correctness of 
asynchronous parallel programs, 36 
parallel programs, 36 
Church-Rosser 
for graph derivations, 238 
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closure of 
NP, 98 1 
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closure of the class of finite languages, 1472 
closure of the family of 
finite languages, 1432 
languages generated by M-automata and 
B-automata, 853 
PDlL languages, 28 
closure of the shuffle operator, 398 
closure operations. 78, 945, 1157, 1467 
for elements, 78 
sequence of -, 945 
closure operator, 134 
closure problem, 
aggregative -, 3022 
transitive -, 3022 
closure properties. 114, 1161, 1431, 1564, 1595, 
1646, 1650, 1654, 1658, 1688, 1724. 1732, 
1832, 1835,2712,3799 
closure properties for 
FAMs, 40 
stochastic forests, 2949 
stochatic languages, 2949 
closure properties of 
ASPMHFA’s, 7 18 
BCF languages, 1595 
cellular arrays, 1093 
families of languages, 791 
generalized parenthesis languages, 455 
k-regular sequences, 1817 
language families, 774 
linear @languages, 35 17 
LR(0) languages, 92 
MCFL’s, 1650 
nest sets, 455 
NLC languages, 1379 
one-way multihead automata, 194 
regular tree languages, 1431 
subset languages of Petri nets, 538 
tree transformation classes, 1724 
type theories, 1663 
closure properties under literal shuffle, 993 
closure property, 892 
with respect to programs, 3497 
closure 
reflexive and transitive -, 364 
reflexive-transitive -, 2616 
closure spaces, 2994 
Cech -, 2994 
closure 
systems, 15 1 I 
transitive -. 364, 2616 
closure under 
complementation, 2946 
exception lists, 1848 
iteration of controls, 123 
letter to letter homomorphisms, 28 
nonerasing homomorphisms, 28 
ce-sups, 849 
stuttering, 361 I 
union, 1403 
closure wtth respect to composition, cylindrification 
and iteration, 583 
closures, 1549 
in the semantics of programming logic, 582 
Clote, 891 
CLP (constraint logic programming), 3089, 2679 
based on relational interval arithmetic, 3369 
language, 3369 
paradigm, 3366 
programs, 3089, 3364 
modules, transformations of -, 3089 
semantics for -, 3089 
transformation system, 3089 
CL-term. 1259 
Clu (programming language), 1312 
cluster points, 1829 
of finite computations, 1795 
set of -. 2987 
clustered linear processes, 3388 
clustering, 754, 2612, 2735, 3504 
problem of -, 754 
clutters, 1048 
CM (counter machine), 3283 
CM(k), k-counter machine, 3283 
CML 
extension of standard ML, 2957 
programs, communication behaviours of -, 2957 
C-mos, 1682 
circuit designs, 1682 
CMS (complete metric space), 2367 
CMS-based semantics, 2367 
CMS-semantics, 2367 
CN (computational network), 730, 2628 
CNF (conjunctive normal form), 1794 
CNF formulas, 3556 
satisftability problem of propositional -, 1289 




of all S-labelled trees, 295 1 
terminal S--, 2951 
coalgebras, 1047.2153, 2803 
coarse grain scheme, 3240 
coarser-grained program, 2650 
coarsest 
congruences, 2 196,3685 
equivalence relation, 2796 
coarsest partition, 786 
problem, many function -, 786 
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Cobham, 1144, 1745, 1817 






Cocke-Kasami-Younger algorithm, 3 152 




co-computable complement, 1798 
Codd’s completeness theorem, 887 




biprefix -, 571 
completable -, 3568 
finite biprefix -, 433 
code generation, 1067, 1374 
algorithm, 1493 
code 
L -, 460 
optimization, 1.580 
problem for traces, 3419 
properties, 694. 2546 
reuse, 1830 
rewriting rules, 3237 
code selection, 1374 
by inversion of order-sorted derivors, 1374 
problem, 1374 
code 
selector specification, 1374 
strong -, 3 179 
tree of a -, 243 
with finite synchronization delay, 7 
code-compatibility, 744 
code-compatible sets, 744 
coded 




codes, 264.428.442.694, 1187, 1296, 1355, 1574, 
1584, 1785,2111,2215,2614,2764,3633 
associated to finite groups, 1044 
classical families of -, 1296 
combinatorial properties of -, 7 
constant length -, 243 
determination of all possible -, 52 
embedding problem for -, 3164 
error-correcting -, 2788 
extremal properties of -., 1355 
codes, finite -, 1355 
circular -, 1296 
elementary -, 2109 
codes for patterns, 1338 
codes 
generating -, 1355 
generating sofic systems, 1296 
grammatical -, 2394 
group -, 3179 
Hamming -, 3480 
L--, 460 
neighbourhood -, 2764 
codes of 
bounded delay, 1584 
paths in a graph, 1105 
trees, 3034 
variable length, 1505 
codes 
prefix -, 3080 
prefix-suffix composed -, 3080 
codes, properties of -, 1355 
with respect to constraints, 1355 
codes 
pure -, 212 
rational -, 1296 
recognizable bifix -, 2736 
strong maximal -, 2111 
suffix -, 3080 
theory of -, 2614 
trees and -, 3094 
unary L--, 460 
variable-length -, 3164 
very pure -, 212 
codes with 
finite synchronization delay, 7 
unique splitting, 1296 
codeword, 1617 
codewords, 1089, 2543 
coding, 1096, 1227 
algebraic -, 3233 
algorithms, 1355 
billiard trajectories, 3 149 
finite sets, succinctness of -, 3095 
function for finite sequences of positive integers, 
3282 
into a constrained system of sequences, 1096 
coding of 
recurrence relations, 3601 




theory, 327, 1753, 3090 
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tool, 3601 
codings, 643.2041.2244.23 13,25 16.2784 
codings of 
a OL language, 129 
FPOL languages, 129 
languages. 129 
the Pw model, 3574 
codings 
suffix -, 2560 
trace -, 2784 
coefficient extraction, 2260 
coefficient ring, 22 18 
coefficients, 2144, 2165, 2251, 2529, 2613, 2700, 
2713 
bipolar -, 2765 
coupling -, 2144 
of the product of polynomials, 172 
coercions. 1440 
explicit -, 3009 
coexrstence. 2350 
coexponents 
lax -, 2881 
weak -, 2881 
cotinal 
reduction systems, 3620 
reductions, 586 
sequence of programs, 125 
cognitive theories of Jean Piaget, 3084 
cographs, 2735,2774,2906,3024,3423 
Cohen-Culik’s LRR, 1004 






computable models, 1221 
df-domains, 3832 
domains, 3440 
equational term-rewriting systems, 1263 
field, 2143 
prime algebraic consistently complete poset, 3688 
spaces, 1728 
cohesion, 1183 
of object histories, 1183 
operation, 1183 
cohesive prefix codes, 2602 
structure of -, 2602 
cohomology group. 3597 




coinductive definitions, 2331 
facility of -, 2331 
realizability interpretation of -, 2331 
coinductive principles, 2637 
coins, 2093, 2122 
tossing -, 2360 
coin-sliding game, 3291 
Cole and Vishkin, 1632 
Cole’s circuit, 3 193 
colimits, 13 19 
directed -, 2879 
existence of -, 83 
colimits in 
categories, 612, 615 






of the polynomial hierarchy, 3395 
results. 3014 
collapsed terms. 620 
collapse-free rewrite system, 3535 
collapsing execution histories, 2013 
Collart, Kalkbrener and Mall, 3600 




collection types. 2789 
collinearity, 1452 
Collins’ decomposition, 1575 
collision resolution algorithm, 2116 
ALOHA -, 2116 
collision resolution interval, 2116 
colonies. 2547 
generative power of -, 2547 
languages of -, 2547 
color values, 2766 
coloring, 2473, 2766 
games, 2078 
games. complexity of -, 2078 
online graph -, 2473 




Petri nets, 304, 688, 3213 
spaces, 1366 
spaces, evolution of -, 1366 
colour-families of graphs, 350, 356 
colouring 
of edges, 228 
of triangulated graphs, 1842 
pairs of trees, 3067 
cofouring problems on dense graphs, 854 
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complexity of -, 854 
colouring specifications, 350,356 
colouring, vertex -, 854 
column permutation, 1208 
column-convex polyomino, 2927, 3146 
combination of 
bodies of arguments, 3333 
constraint solvers, 3683 
evidence, 3333 
combination techniques, 2686 
combinational, 739 
circuits for Boolean functions, 262 
C-mos circuit designs, 1682 
combinational complexity, 10, 18, 48, 739, 870, 
1239,2708 
large -, 870 
combinational complexity of 
Boolean function, 10 
equivalence, 18 
combinational 
switching circuits, 1682 
networks, complexity of 2-output -, 335 




convex theories, 261 
dependencies, 369 
simultaneous iterative pairs, 170 
theories, 261 
theories, decidability of -, 261 
combinator, 515, 1316, 2929, 3265 
codes, 824 
equations, 1245 
expression, 13 16 
fixed point -, 589 
combinator reduction, 1065 
machine, 824 
combinator terms, categorical -, 1235 
combinator-based abstract machines, 13 16 
combinator-code, 13 16 
combinatorial, 2241, 2338, 2599, 2713, 2720 
algorithms, 3237 
analysis, 1250 
applications, 27 13 
arguments, 2088 
characteristics, 228 
combinatorial characterizations, 2802 








combinatorial enumeration methods, 1368 




combinatorial game, 3032 
theory, 1787 
combinatorial games, 825,1696,2289,2694,3671 
sequential compounds of -, 2289 
combinatorial 
geometry, 1722 




combinatorial objects, 2430 
labelled -, 2498 
combinatorial optimization, 2998, 3101 
problem, 426,3722 
problems, 2565, 3026 
combinatorial problems, 280, 289, 839, 2506, 276.5, 
2781,3766 
for file organization, 61 
in algebra, 327 
of information storage and retrieval, 61 
hard -, 3182 
combinatorial properties of 
approximation preserving reducibilities, 2802 
codes, 7 
infinite trees, 511 
meanders, 2256 
Sturmian words, 2599 
symbolic dynamics, 3 149 
combinatorial representation, 1089 
combinatorial structure, 1355 
of n-codes, 1785 
combinatorial structures, 844, 2251, 2655 
counting sequences of -, 2251 
labelled -, 2498 
random generation of -, 844 
combinatorial theory of 
functional expansions, 1475 
maximal biprefix codes of words, 1105 
Mobius functions, 2105 
combinatorial version of the Riemann hypothesis, 
1532 
combinatoric 
manifold without boundary, 2997 
properties of the Morse sequence, 2460 
combinatorics, 1615, 1812, 1817, 2250, 2714 
enumerative -, 2240 
combinatorics of 
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arrangements, 1722 
Sturmian words, 35 11 
the free monoid, 5 11 
two word codes, 808 
words, 1100 
combinatorics 
on words, 1354, 1369 
open problem in -, 666 
combinators, 1204, 1240, 1245, 1315, 1797, 2200, 
2313,2325,2326,2584,2591,2637,3314 
combinators 
branching-time -, 3378 
categorical -, 1235.2591 
composition of basic -, 1240 
non-existent -, 2326 
possessing inverse, regular -, 44 
unfold -, 2637 
combinatory abstraction, 2584 
combinatory algebras, 601, 2647 




differential fields, 1358 
combinatory field, 1358 
extensions, 1358 
combinatory logic, 63, 610, 780, 1240, 1259, 1316, 
1321, 1628, 1630, 1797, 1855,2147,2200 
abstraction problems in -, 1240 
approach, 2642 
Preduction in -, 610 
fragments of -, 2147 
combinatory logic 
framework, 2642 
models of -, 1321 




combinatory reduction, 3576 
systems, 2321, see also CRS 
combinatory 
representation, 1797 
term, 33 14 
terms, 2200 
weak reduction, 174 
combined complexity, 3644 
measure, 1655 
combined solution structure, 3683 
combining 
databases, 3426 
given theories, 612, 615 
local controls, 3391 
machines into networks, 1213 
combustion, 3604 
comma 





commanded direction for robots, 2658 





committed updates, 2532 
common 
alphabet, languages sharing a -, 466 
ancestor problem, 406 
base function, 27 11 
belief, 1108 
clock for different locations, 2799 
COMMON CRCW PRAM, 2365,3563 
common 
descendant problem, 406 
deterministic automata-theoretic techniques, 2740 
distribution. 2768 





logspace-complete problems, 2475 
nature, 2688 
notational primitive, 2749 
COMMON PRAM. 3223 
common 
properties, 2537 
recovery strategies, 2795 
sense reasoning, 1567 




unbounded queue, 2386 
scheme, family of DOL languages sharing a -, 
466 
subsequence, maximum -, 3200 
superstring, complexity of -, 239 1 
common zeros 
at infinity, 311 
number of -, 3 11 
of polynomials, 3 11 
common-coin communication protocol, 3492 
common-sense 
heuristics, 1577 
reasoning, 3392, 3395 
Communicating finite 
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state machines, 859 
automata, synchronization for -, 859 
communicating 
finite-state machines, 2179 
functions, 875 
grammar systems, 1819 
mathematical software packages, 3602 
communicating processes, 521,727, 761,984, 3229, 
3230,3452 
with empty process, 3452 
with silent actions, 727 
algebra of -, 727 
probabilistic -, 2920 
weakest precondition semantics for -, 585 
communicating 
processors, 3238 
sequential processes, see also CSP 
sequential processes, 494 
shared resources, 3432 
communicating systems, 875, 971 
calculus of -, 5 15, 644 
calculus of -, see also CCS 
communication, 875, 990, 1790, 3230, 3453, 3837 
aspects of networks, 1203 
behaviours of CML programs, 2957 
characteristic, probabilistic -, 3098 
communication complexity, 941, 1085, 1331, 1805, 
1849,2402,2419,2436,3098,3264 
distributional -, 2084 
for VLSI, 1085 
hierarchy, 941 
measures, 24 19 
communication complexity of 
Boolean circuits, 1805 
PRAM’s, 1331 





in CSS, 644 




networks, 965, 1030.2380.2759 
of names, 3277 
overhead, 3582 
overlap of networks, 930 
parallel composition with -, 961 
primitives, 2957 
problem, 115 1 
properties of networks, 1203 
communication protocol, 3457, 3492 
probabilistic -, 2945 
communication 
protocols, 3098 
requirements in parallel computation, 1331 
sequences, 621, 1499 
structure, 1110, 2419 
structures, 3389 
theory, 27 11 
with other asynchronous agents, 734 
communicational complexity, 3492 
communications, 2419, 2432, 2436, 2576, 2659, 2732 
between asynchronous agents, 734 
between processes, 1051 
linear sequences of -, 621 
local -, 2755 
protocols, 3070 
protocol transmitting, 2631 
rounds of -. required number of, 2732 










commutations, partial -, 670 
commutative, 1678 
algebra, 2548 
alphabet, 812, 954, 2218 
alphabets, partially -, 1263, 1384 
and solvable automata, 3339 
border rank of tensors, 558 
closure, 2401 
DTOL systems, 189 
diagram, 3802 
equivalent of a prefix code, 694 
commutative field 
matrices over a -, 105 
of characteristic zero, 838 
commutative 
free monoids, 1354 
grammars, 2052 
idempotent monoids, 1081 
identity, 3442 
images, 2405 
monoids, 893,902,947,954, 1248, 1384, 1385, 
1391,2105,2299 
N-rational series, 107 
ordered ring, 3188 
commutative power, 2218 
semigroups, 2103 
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series, 1565 
commutative 
rational expressions, 1667 




semigroups, 2103, 3041 
semiring families, 447 
series, 107 
unital quantales, 3426 
words, 1384 
commutativity, 558, 783, 1061, 1081, 2045, 2401 
action of -, 558 
matching module -, 2158 
commutativity of 
a linear language, 551 
operations, 2 
commutativity requirements, 1809 
commutator, 1075 
in monoids, 687 
commuting diagram, 699 
compact code, 1240 
compact elements, 2150 
in Scott’s reflexive domain in Pw, 3574 
z--, 133 
compact location problems, 3504 
compact metric spaces, 2751, 2991 
category of -, 275 1 
compact 
orders, 3078 
representations of propositional circumscription, 
3395 
semi-algebraic set, 2665 
compact set, 2268 




T, spaces, 672 
ultrametric spaces, 3537 
upper set, 2038 
V-continuity space, 3438 
compaction-based parallelization, 1372 
compacrly expressible, 1373 
compactness, 413, 918, 1095 
for finitely generated monoids, 588 







of words, 819 
comparative 
metric semantics for concurrent Prolog, 1408 
schematology. 1136 
comparator gates, 2475 
comparator-circuit value problem, 2475 
comparator-network stability, 2475 
comparing 
DNA sequences, 1205 
semantic models, 1427 
two rational numbers. 3659 
comparison 
based problems, 3 166 
between words, 3340 
branching programs, 2137 
complexity of merging, 1566 
cost of brother trees, 1364 
merging, 1566 
of lower bound methods on communication 
complexity, 3264 
queries, 1188, 1246 
question, 3566 
strategies, 3566 
tree. 625, I249 
with errors, 3340 
comparisons, 2006,2030,2037,2064,2139, 2178. 
2191,2266,2321,2328,2367,2649 
key-to-key -, 2717 
number of -, 3636 
redundant key -, 27 17 
worst-case number of -, 2266 
compass and ruler, 165 1 
constructions, 1285, 1651 
basic Euclidian operations with -, 1285 
compatibility. 3042 
compatibility analysis, 3561 
of interacting automata, 3561 
compatibility for 
parallel processes, 520 
reasoning about extensible environments, 3686 
compatibility of job and architecture, economic -, 
I210 
compatibility of parameter passing, 548 
and implementation, 548 
compatibility problems, 520, 1439 
compatible 
covers, 351 
interacting automata, 3561 
competing semantics, 2607 
Competitive 
algorithm, 348 1 
algorithms. 2437, 2467, 2469 
analysis, 3465 
online scheduling, 2437 
competitive ratio, 2426, 2474, 3481, 3542. 
2467-2469 
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compilation, 318, 372, 374, 1338, 1340, 1669, 1671, 
2483,2729,2745 
incremental -, 2483 
of nets, 3057 
phase, 1460 
process, 1338 
subtask of -, 2729 
system, 2483 
techniques, 1192 




compiler, 1064, 1501, 1669, 2661, 3046, 3396.3741 
algebraically structuring a -, 318 
compiler construction, 1669, 3045, 3802, 3805 
methodology, 3805 
compiler, correctness of a -, 3 18 
compiler generation, 
automatic -, 1340 
semantics directed -, 395 
compiler 
Lisp-based -, 2048 
methodology, 2729 
named CAML, 2334 
neural -, 2661 
optimizations, 2744 




structuring -, 318 




compiling algorithm, 196 
for expressions, 196 




the equivalence problem for regular picture 
languages, 1008 
complement operation, 278, 942 
complementarity for P-matrices, 1527 
complementary 
hardness results, 2021 
languages, 1429 
machines, robustly -, 1395 
complementation, 745, 996, 1050, 1270, 1802, 2004, 
2287,2410,2500 
lemma, 2776 
closed under -, 62, 828 
level of -, 695 
complementation of 
asynchronous cellular Btichi automata, 3320 




problem for Btichi automata, 967 
rule, 207 
unrestricted -, 2500 
complementing Biichi automata, constructions for -, 
967 
complements, 2002, 2556, 2603, 2701, 2704 
closed under -, 409 
positive reductions to -, 409 
complete, 3366, 3442 
complete 2-structure, 1329, 2906 
complete algebras 
rational definitions in -, 438 
without rank, 438 
complete and minimal axiomatization, 3547 
complete and sound 
Hilbert-style proof system, 313 1 
proof systems, 1485 
Rasiowa-Sikorski-style proof system, 3 I3 1 
complete axiom system for rational sets, 227 
complete axiomatic 
characterization of first-order temporal logic of 
linear time, 1046 
characterizations of x-calculus bisimulation 
equivalences, 3265 
complete axiomatization, 1046 
complete axiomatization of 
SDPDL, 541 
embedded cross dependencies, sound and -, 676 
complete axiomatizations, 2192, 2268.2633, 2645, 
2799,2805 
complete axiomatizations of 
first-order temporal logic, 931 
validity, 971 
complete bases, 739 
circuits over a -, 846 
complete binary tree, 1642, 3304 
complete binary trees, 2604, 2755 
computing minimum embeddings of -, 2604 
execution of -, 2755 
optima1 parallel execution of -, 2755 
complete 
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bipartite graph network topology, 3487 
Boolean algebras, 215 
Brouwerian lattice, 882 
categories. 1700, 3694 
class, homomorphically -, 934 
classes of automata, 904 
complete ClassificaGon, 460 
of language equations, 863 
complete 
conflict-free processes, 872 
CTS, 1213 
database, 3626 
deduction system, 2880 
deductive system. 552 
degree, 770 
degrees, 1049 
divisibility problems, 691 
EOL form, 119 
ETOL forms, 146 
domains, bounded -, 3132 
complete extension, 2316 
of programs, 1826 
complete first-order specifications, 358 
complete for 
co-NE, 3644 
NP, 77 1 
P, 1421 
PTIME, 1115 
the 0~0 -product, 1145 
UP, 1106 
complete formal system, 742 
for join dependencies, sound and -, 742 
complete functions, 2087 
for polynomial space, 1799 
complete graph, 1286, 3338 
network topology, 3487 
problems, 16 
complete graphs, 228, 2433, 2655 
potential of -, 2655 
complete 
grid graphs, 2759 
higher type equational calculus, 1859 
Hoare-like system, relatively -, 592 
m P under log-space reductions, 1006 
complete inference rules, 647 
sound and -, 823 
complete 
inference system, 366, 1317, 2048 
Join semilattice, 2800 
Kleene chain -, 482 
complete languages, 1106, 2054, 2771 
for UP, 1106 
complete lattice, 338, 482, 650, 1323, 3001 
complete lattice of 
monotonic predicate transformers, 1858 
sets of finite streams of substitutions, 1604 
complete 
lattices, 83, 153, 191, 1858 
logic for reasoning about programs, 366 
match query, 1174 
metacircularity, 1664 
complete metric space, 234, 1604, 3426, 3445 
framework, 2576, sre also CMS 
complete metric 
spaces. 1427,201O. 2367, 2630.2751 
topology, 498 
complete modal proof 
system, 2279 
systems, sound and -, 760 
complete 
model of communicating processes, 521 
models, 1551 
complete networks, 1207 
of processors, 1207 
complete 
nonredundant algorithm for reversed 
Skolemization, 565 
wchain -. 482 




order. 246. 523, 3426 
ordered set, see n/so cpo. cpos 
orderings, 875 
orders. 153. 191, 2324, 2367, 2630, 3268.1~ 





complete prefix codes, 243 
infinity of -, 243 
complete presentations, 902 
complete problem. 3474, 3622 
for P, 57 
complete problems, 1040, 1182, 1216, 1799, 2094, 
2475,2507,2664,2676,2727,3392 
complete problems for 
A’,, 1799 
Apq, 1799 
three alternations, 1799 
two alternations, 1799 
complete problems, weakly -, 3201 
complete process algebras, 1345 
complete proof 
procedure, sound and -, 949 
rules. 2152 
system, 662, 1098 
system, sound and -* 760,976 
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complete proof systems, 1365 
for equivalences on processes, 663 
complete 
proof theory, 2532 
proofs, 2597,279s 
propagating synchro-EOL forms, 254 
complete query languages, 3629 
with external functions, 3629 
complete 
query-answering system, 2059 
recursive axiomatization, 23 16 
recursively enumerable sets, 353 
reduction scheme, 865 
complete relation, 1737 
algebra, 3023 
complete 
relative to a set of sentences, 2636 
restrictions, 2015 
complete rewriting system, 906 
finite -, 634, 787 
complete rewriting, systems, finite -, 906 
complete 
routing tables, 3487 
schematization, 1279 
search strategy -, 2048 
semantics, 462 
semantic unification procedure, 2679 
semiformal proof system for specifications, 830 
semirings, 1809 
semi-Thue systems, 865, 2105 
sequent calculus, 2479 
complete set, 3014 
of assertions, 158 
complete sets, 147, 353, 1571, 1642, 2045, 2163, 
2200,2213,2507 
many-one -, 770 
natural -, 353 
complete sets of 
transformations, 1411 
unifiers, 845 
minimal unifiers, nonexistence of -, 845 
complete system, 2541, 2651 
for extended join dependencies, 742 
complete system of 
equational theories, 682 
K-rational identities, 1667 
complete systems, 1667 
of rational identities, 1667 
complete 
theorem proving strategies, 2685 
traces, 2300 
traversal, 2175 
type inference problem, 2371 
ultrametric spaces, 1619,2176 
complete under 
Karp-reducibility, 770 
nonuniform one-way log-space reductions, 1784 
polynomial-time many-one reductions, 1517 
complete unordered binary trees, 1590 
complete with respect to 
a semantics, 448,482, 541 
the simple type semantics, 301 I 
completed 
database, 1237 
data bases semantics, 1752 
logic programs, 892 
predicate definitions, 2059 
completely regular, 836 
completely-specified table, 776 
completeness, 556,562, 589, 724,93 1, 950, 1046, 
1049, 1068, 1108, 1305, 1317, 1355, 1412, 
1422, 1485, 1501, 1548, 1605, 1665, 1737, 




and first-order logic, 2187 
criteria, 2330 
chain -, 482 
combinatorial -, 239 
F--, 878 
completeness for 
attribute systems, 207 
cascade composition, 934 




modulo a special second order theory, 592 
notions in PSPACE, 1800 
NP--, 164 
completeness of a 
partial function logic, 1387 
proof system, 3528 
completeness of a set of 
identities, 1047 
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cpo’s of measures, 246 
domains, 672 
continuity, 
join -, 546 
joint A--, 546 
continuity of 




semantic operators, 1114 
sequential composition, 664 
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theory of -, 737 
total -, 325 
continuous 
functor, 1487, 2038 
ground domains, 2587 
higher types, 33 
information systems, 2197 
interpolating functional, 340 
inverse images, 836 
lambda models, 589 
continuous lattice, 1764 
solution, 1.53 
continuous lattices, 84, 153, 338, 2272, 2578 
category of -, 2272 
continuous 
mappings, 836.3 124 
maps, chain-*-, 83 
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deterministic -, 358 
distributed -, 2640 
environment, 1621 
titter -< 2148 
flow constructs, 3000 
control grammars, 1821, 2053 
variant of -, 2053 
control 
imperfect -, 2658 
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problems, distributed -, 486 
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96 Subject Index Volumes I-2OO/Theoreticnl Computer Science 213/214 (1999) J-436 
controllable events, 2640 
controlled 
concurrent expressions, 398 
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definite 
abductive programs, 2335 
clause programs, 2329 
clauses, 1434, 2267, 2329 
distributed computations, 2436 
Horn clause program, 1293 
Horn clauses, 1460 
definite logic 
program, 1798 




programs, declarative properties of -, 2267 
definition, algebraic - of semantics, 372 
definition of 
chaos, 3225 
document types, 3809 
definition of equivalence, 256 
of database schemata, 408 
definition of 
execution method, 275 
implementable algebra, 303 
implementation, 414 
inclusion of database schemata, 408 
large transformation dictionaries, 256 
programs, 337 
the semantics of a nondeterministic recursive 
program, 276 
definitional scheme, general -, 519 
definitions 
coinductive -, 2331 
completed predicate -, 2059 
congruence of -, 274 
eureka -, 2681 
exact congruence between -, 274 
fundamental -, 2133 




functions, equational -, 2902 
definitions 
recursive -, 2156, 2400 
semantic -, 2327 
standard -, 2013, 2075 
deflations, 1626 
deforestation, 1376, 3276 
deformation of a space in time, 3084 
deformations, 3084 
Degano et al., 2184 
degenerate behaviors, 3590 
degenerate behaviour of differential equations, 3590 
degree, 6, 66.78, 125, 145, 172, 1105, 1737 
0, 6 
argument, 66 
invariant approximations, 1182 
degree of 
a minimal algebra, 1854 









path codes, 1105 
predicate letters, 598 
safety, 332 
strict deterministic languages, 219 
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trees, 3585 
unsolvability, recursively enumerable -, 690 
degree 
path lengths, 1406 
restrictions on superconcentrators, 454 
sequences, 1370 
zero, 6 
degree-constrained graphs, 1370 
degree4 k-hypergraphs, 2168 
degrees, 1182, 1795 
in the Grzegorczyk hierarchy, 690 
honest polynomial -, 992 
hp-T -, 2357 
degrees of 
ambiguity, 604 





partial orders of -, 3 15 
p-nr-complete -, 2762 
polynomial many-one -, 2762 
with infinitely many isomorphism types, 770 
Dehn’s algorithm. 980 
Dejean’s conjecture, 1767 
Dekhtyar, 1419 
Dekking. 3 165,3 167 
Delange, theorem of -, 2356 
Delaunay 
diagram, 1452 
tree, 2 167 
triangulation. 2167 
delay 
I codes, 1584 




delayed diagonalization, 3490 
delaying unification algorithms for lambda calculi, 
1076 
delays, 1616, 3610 
Delcher, Kosaraju and -, 1632 
deletability 
k--, 834 
strong k--, 834 
deletable subset, strongly k--, 834 
deleterious effect, 2441 
deletion 
capability of the grammars, 1058 
closed language, 3508 
closure of languages, 3508 
operations, 2503 
strategy, 1219 
deletions, 1422, 1424, 1456. 1731, 2068, 2243, 2472. 
2487,2715,2781.3399 
Ao210w sets, 2357 
Ao3 sets, 1786 
delta networks, 938 
delta property, 938 
A-complete partially ordered set, 546 
A-continuous algebra, 546 
finitary operation, 546 
A-free event structures, 2263 
A-language, 2282 
delta-languages for sets, 3387 
6NU system, 1754 
AQ k 
language. 1569 
level of the polynomial hierarchy, 1569 
machine, 1569 








composition, 2800, 3023 
interpretation. 3023 
join, 2800 
nondeterminism, 842, 1858, 3001 





Dempster’s rule, 3333 
Dempster-Shafer theory, 3333 
of evidence, 3333 
den Boer, 3643 
Dennis, 274 
denotation, 109, 1741 
of a program, 109, I348 
denotational, 3434 
and operational semantics, 237 







formulations of testing, 1026 
interpretations, 1792 
metalanguage, 1067 
denotational model, 3268 
fully abstract -, 2993 
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denotational semantics, 109, 234, 274, 314, 372, 381, 
416,418,474,482, 519,584,621,626, 655, 
662,995, 1019, 1026, 1037, 1134, 1137, 1142, 
1282, 1287, 1317, 1339, 1371, 1408, 1417, 




denotational semantics for 
nondeterminism, 3434 
programming languages, 474,482 
Prolog with cut, 1339 
denotational semantics 
in absolute logics of programs, 13 17 
infinite computations in -, 519, 584 
mathematical presentation of -, 2156 
denotational semantics of 
CSP, 655 
Horn sentences, 995 
programming languages, 601, 842, 3074 
denotational value, 274 
denotations, 1348, 1681 
denoting observation trees, 2192 
dense, 1462 
colour families, 350 
divergence, 2624 
epis, 359 
dense factorization forest, 1356 
of finite height, 1356 
dense graph, 1370 
combinatorics, 1153 
dense 
graphs, 854, 1153.3217 
hierarchies of families of SBTA-languages, 3336 
dense languages, 885 
decompositions of -, 885 
dense 
maps in Pas(w), 359 
matrix multiplication, 3733 
open subsets, 2154 
orbits in languages of infinite words, 860 
periodic orbits, 3225 
sets in PSPACE, 1800 
structures, 560 
subset, 2176, 2201 
symmetric difference, 2308 
time, 3432 
densely computable relations, 3190 
densest hemisphere problem, 120 
densities 
in NP, 661 
of NP sets, 661 
density, 2520 
function, 2212 
function of repetition free words, 864 
of a scheduling instance, 1846 
type results of Ladner, 1804 
denumerable 
chain of iterations, 1782 
ordinals, decidability of the monadic second order 
theory of -, 2946 
denumerable unions, 570 
of closed sets, 570, 889 
departure 




dependable systems, 2441 




orders, 32 15 
relations, 2784 
relations for production rules, 238 
dependencies, 1669, 1857,2793 
dependencies between 
control and information, 101 
program fragments, 1669 
dependencies, causal -., 2132, 2373 
dependencies, embedded 
cross -, 676 
multivalued -, 450 
dependencies 
family of cross -, 676 
formalism, general, 400 
functional -, 369,400,450,495, 529, 776 
in database relations, inference rules for 
multivalued -, 207 
inference rules for embedded multivalued -, 450 
inferences of multivalued -, 207 
join -, 400 
large natural class of -, 369 
local -, 2098 
multivalued -, 207, 400, 674 
natural class of -, 369 
numerical -, 823 
template -, 369 
theory of functional -, 369 
tuple generating -, 742 
dependency 
dual of -, 495 
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forms, 369 
graph, 267, 1717 
dependency graphs, 3403 
of partially commutative words, 3024 
dependency 
of a function on a variable, 3223 
logical implication for order -, 524 
measure of -, 3223 
dependency relation, 495, 2098 












depleted sets, 49.5 
depletion relation. 495 
depth 
2 superconcentrator. 63 1 
3 circuits, 3222 
Boolean circuits of - two, 2238 
depth in 
an implementation space -, 627 
EDTOL languages, 472 
depth measure, 1736 
depth of a 
comparison tree. 1249 
graph, 376 
depth of a key, 
left -, 2936 
rtght -, 2936 
depth of a 
parallel algorithm, 627 
tree, 3317 
depth of 
an implementation space, 627 
Boolean circuits, 1281, 1469 
circuits, 49, 1533, 1594, 1736, 1821, 1853, 3492 
computation trees, 3100 
nested iterations, 583 
depth of nesting of function calls, 535 
bounds on -, 535 
depth of OWC’s. 1281 
depth 
probability generating function. 2718 
reduction technique, 2362 
restriction. 1594 
VC-dimension of - four, 2610 
depth-2 circuits, 3222 
depth-3 threshold circuits of quasipolynomial weight. 
3222 
depth-bounded translation, I3 
depth-first 
Iterative-deepening search, 2048 
logic programming, 3341 
depth-first Prolog, 3341 
with ground negation, 3341 
depth-first search, 763. 927 
depth-first-left-right strategy, 1548 
depth-reduction, graphs with expensive -, 376 
depth-three deterministic circuits, 2181 
depth-two probabilistic circuits, 2181 
deque automata. 791. 1016 
h-linearly bounded -. 791 
deque language, 79 I 
derandomization, 2492 
derandomize randomized computattons, 2777 
DeRemer’s parsing methods, 3 13 
derivable, irreducible elements - from a recognizable 
tree language, 2556 
derivation, 1560. 1614, 1839 
forest, 731 
forests, 877 
in a grammar, 3510 
derivation lengths, 2062. 2646 






combinational C-mos circuit designs, 1682 
efficient programs, 1022 
derivation process. 1661, 2275 
derwation processes, 872 
tn graph grammars, 872 
derivation relations, 789, 1415 
OS -. 789 





step, 73 1. 877 
derivation steps, 2133 
composition of -, 341 
derivation tree, 1496, 3034, 3143 
dertvation trees. 25, 1428, 1614. 2028, 2127 
of an algebraic grammar, 379 
structure of -, 251 
derivation type, 3700 
derivation-bounded, 758 
derivation-oriented reasoning, 800 
derivations. 489.1561. 804, 872, 877, 948. 958, 2015. 
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2049,2062,2116,2218,2215,2321,2646, 
2688,2?20,2760 
correctness of -, 399 
distributed -, 2129 
failed -, 2679 
derivations in 
rewriting systems, 1092 
toposes, 1448 
derivations 
length of -, 2062, 2646 
modes of -, 958 
of SLR 1236 
restricted -, 2684 
restriction in -, 804 
structured fair -, 2645 
derivative, 3 
for DOL systems, 694 
of Hitchcock and Park, 3023 
word -, 3123 
derivatives, 942, 2117, 2778 
Brzozowski -, 2303 
explicit computation of -, 942 
Hitchcock-Park theorem on -, 314 
of regular expressions, 942, 3123 










refinement operations, 2263 
derived relations, 2715 
sizes of -, 27 15 




existence, 275 1 
lower level specification, 2535 
new computational functions from old, 612, 615 
deriving programs, 1750, 2 185 
from proofs of formal specifications, 1750 
Dershowitz, 802 
and Lindenstrauss, 2175 
and Zaks, 3139 
DES controller, 2627 
DES plant, 2627 
transitions, 2627 
DES representation, 2627 
descendants of words, 1033 
descending 
chain property, 3329 
sequence of equivalence relations, 945 
describable sets, 22 
describer, 1407 
describing circuit behaviour, 1682 
description, 1407 
description language, 1295, 2303 
for concurrent systems, 1678 
description 
size, 1575 
languages of chain code pictures, generating -, 
1295 
levels of -, 2028 
descriptional complexity, 446,569, 1634, 2164, 
3360,3532 
aspects, 2164 
measure, 24 19 
of context-free languages, 569 
descriptional power of PCP, 428 
descriptional tool for program control, 307 
descriptions, partial -, 2038 
descriptive 
complexity theory, 2222 
modal frames with contractions, category of -, 
2986 
descriptive power, 1201, 1274, 1817 
of nets, 818 
descriptive 
set theory, 3501 
theory of learning, 3084 
design 
considerations, algorithmic -, 458 
decisions, 3376 
factors for parallel processing benchmarks, 1210 
methodology, 2047 
design of 
a Hoare logic, 368 
circuits, 753 
complete axiom systems, 256 
distributed systems, 1666 
functional programming languages, 1554 
geometric data structures, 3461 
Helios, 3361 
loop networks, 185 1 
modular systems, 1557 
modules, 1439 
optimal algorithms, 1539 
parallel programs, 3687 
programming languages, 1830 
self-stabilizing distributed algorithms, 3488 
SMS, 3603 
software systems, 3689 
systolic networks, 730 




space for parallelism, 627 




sets hierarchy, 216 
designer, 1407 
designing 
efficient procedures, 2748 
linear classifiers, 2765 
programming languages, 1674 
serial algorithms, 927 
designs of languages, 1438 
DESIR-II package. 3593 
DES 
controller, 2627 
discrete event system, 2627, 2773 
DES’s, logical control of, 2773 
destructive update optimization, 2270 
detecting 
beta-cycles, 1524 






falsity of messages, 788 
intersections, 547 
possible variable values, 669 
unique solutions, 910, 2025 
detection of 
a negative cycle, 3267 
determinacy, 669 
predefinite schemes, 3193 
timing problems in digital networks, 1148 
polyhedral intersection, fast -, 547 
repetitions, optimal off-line -, 458 
determinacy, 700 
detection of -, 669 
preservation of -, 700 
determinacy theorem 
for games, 1570 
Martin’s -, 3077 
determinant, 459, 1039, 3592 
determinants of matrices, 3031 
determinateness of program equivalence over Peano 
axioms. 434 
determining 
sets for functions, 1538 
the dot-depth of a star-free language, 1118 
deterministic polynomial time solutions, 315 
determinism, 401, 825, 853, 1066, 1085, 1159, 1482, 
1585, 1808,2011,2511,2562,2680,3186 
determinism in 
parallel systems. 527 
PDL, 1627 
determinism, theory of -, 1348 
deterministic 
OL system, 5 
2-tape finite automata, 3681 
acceptor, 2 16 
ACT. 827 
algebraic computation trees, 827 
deterministic algorithm, 2426, 3542 
for sorting, 2897 
deterministic 
algorithmic languages, 372 
algorithms, 67, 816, 896, 3237 
alternating Turing machines, 431 
deterministic automata, 283, 745, 825, 942, 1494. 
1653, 1713,2134,2410 
permutation-reset -, 2740 
substitution property for -, 563 
deterministic 
automaticity, 3360 
automaton for regular languages, minimal -, 596 
bidirectional variants of Chang-Roberts 




deterministic bottom-up tree 
pushdown automaton, 728 
transformations, 1652, 2937 
deterministic ctl, 2239, 2366 
fast recognition of -. 2239, 2366 
deterministic 
checking stack automata, 861 
classes of automata, 1732 
deterministic communication complexity, 3098 
of Boolean functions. 3264 
deterministic 
competitive ratio, 2469 
complexity classes, 401, 1049, 1655 





concurrent systems, 1482 
deterministic context-free languages, 73, 80, 188. 
704, 1322, 1344, 1526, 1644, 1775. 1784, 
2355,3039,3172, 3469 
characterisation of -, 1322 
real-time -, 704 
deterministic control, 358 
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deterministic counter 
languages, 17 
machine, two-way -, 422 
machines, 17 
deterministic 
data flow, 1697 
developmental anguages, 5 
double exponential time, 2552, 3036 
equality-synchronized automata, 2415 
equivalences, 626 
ETOL languages, 21 
evaluation of a straight-line program, 282 
even linear languages, 3552 
deterministic exponential time, 2507 
completeness, 541, 598 
deterministic expressions, 2303 
deterministic extensions, 3207 
of Datalog, 1456 
deterministic 
extrema finding, 1520 
FAM’s, 40 
deterministic finite 
automata, 570, 3123, 3336, 3550 
automaton, 2287, 2396. 2553, see also DFA 
transducers, 223 1 
deterministic finite turn pushdown 
machine, 70 
machines, equivalence of -. 70 
deterministic 
finite-state machine, 1567 
generalized tree automata, 1579 
G-machines, 1146 
deterministic grammars 
simple -, 47 1 
strict -, 334 
deterministic graphs, 3 163 
deterministic gsm, 2231 
deterministic infinite automata, 640 
infinite behaviour of -, 640 
deterministic information, 1689 
systems, 1417 
deterministic 
interpretations of PDOL systems, 88 
k-head finite automata, 1835 
k-weak counter machines, 421 
deterministic language, 2631 
DFP, 842 
deterministic languages, 219, 237, 688, 1243, 1429 
of Petri nets, 688 
strict -, 219 




deterministic linear bounded automata, 28 
deterministic linear decision trees, 740 
lower bounds on -, 740 
deterministic 
list organizing strategies, 1393 




macro tree transducers, total -, 83 1 
models, 941,969 
Muller automaton, 3501 
deterministic multihead 
finite automata, 1155, 1189 
multi-dimensional Turing machines, 429 
deterministic 
multitape automata, 517 
networks, 3692 
normal form for formulae, 3619 
@context-free languages, 80 
mregular, 1786 
oTuring acceptors, 116,840 
@type Turing acceptors, 216 
one-tape Turing machines, 2115 
deterministic one-way 
k-head finite automata, 194 
multitape automata, 517 
deterministic 
oracle Turing machine, 724 
parallel comparison complexity of merging, 1566 
PDA, 85 
deterministic polynomial 
optimization problems, 3 19 
space-bounded oracle machines, 308 
deterministic polynomial time, 50, 57, 290, 1380, 
1403, 1581,2508,2552,3019 
algorithm, 854, 1794 
algorithms, 756, 785 
decision procedures, 261 
for three-way context-free picture languages, 
1380 
log space completeness, 427 
reducibility, 420 
deterministic polynomially time-bounded TM, 623 
deterministic presentation, 
minimal -, 2996 




deterministic programs, 541, 842, 1495, 2300, 2881 
correctness of regular -, 248 
deterministic 
properties, 470 
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pure grammar forms, 375 
deterministic pushdown 
acceptor. 19 
automata, 92, 151. 618, 625, 1824 
deterministic pushdown automata, 
equality problem for -, 92 
equivalence of -, 625 
non-real-time -, 820 
two-way -, 3039 
deterministic pushdown 
transducer, 193 
transducers, 505, 1200 
automaton, nonsingular -, 618 
deterministic queues, network of -, 470 
deterministic rational 
equivalence relations, 907 
expressions. 596 
deterministic rational languages, 659 
of two-sided infinite words, 659 
deterministic 
rational relation, 3301 







reversal-bounded multipushdown machines, 722 
rooted context-free graph, 3 163 
root-to-frontier tree transformation classes, 1504 
rules, 3620 
schemas, termination properties of -, 60 
schemes, 1825 
self-stabilizing algorithms, 3488 
semantics, 1456 
deterministic simulation, 1378 
of tape-bounded probabilistic transducers, 265 
deterministic soliton 
automata, 1392, 1585 
paths, 1585 
deterministic solutions of the nil-total exclusion 
problem, 668 
deterministic space 
bounded complexity classes, 1500 
classes, 25 1 I
complexity, 1390 
deterministic 
state transitions, 1585 
strategies, 557 
strategy, 2492 
stream processing language, 650 
sublanguages of CCP, 3529 
deterministic summation, 3186 
modulo a semigroup, 3 186 
deterministic 
superpolynomial complexity classes, 1049 
synchronization, 251 I 
deterministic synchronized 
alternating finite automata, 1835 





table OL array sytems, 642 
tape-bounded Turing machine computations, 194 
tape complexities, 330 
three-way tape-bounded two-dimensional Turing 
machines, 507 
deterministic time, 281, 891, 1820 
bounded complexity classes, 661 
classes, 3068 
complexity, 281, 1566 
with nondeterministic oracles, 3068 
deterministic timed 
Muller automata, 2410 
processes, 2630 
deterministic top-down look-ahead, 2705 
deterministic top-down tree 
automata, 2705 
transducers, 2556, 2705 
transformations, 2705, 2937, 3534 
deterministic 
trace model. II 14 
transition structures, 2410 
tree automaton, 2221 
tree grammars, 132 
deterministic Turing machine, 220, 265, 322, 364, 
493 
of specified space complexity, 322 
deterministic Turing 
machines, 480, 1445, 3280 
rectangular array acceptor, 463 
deterministic two way machines, 422 
deterministic two-dimensional 
automata, 507 
on-line tessellation acceptors, 1256 
deterministic two-tape automata, 70 
deterministic two-way 
finite state transductions, 123 
machines, 422 
tree walking look-ahead. 1724 
deterministic 
upper bound for equivalence of Presburger 
formulas, 28 1 
variation schemes, 289 
well-structured programs. 541 
whtle programs, 248 
determimstically identifiable, 3553 
118 Subject index Volumes l-200/ Theoretical Computer Science 2131214 (1999) 54’36 
determinizing an algorithm, 891 
Devaney, 3225 
Devaney’s definition of chaos, 3225 
developing 
algorithms, limits on -, 2384 
computational techniques, 2280 





large software systems, 1830 
programs, 1754 




developmental anguages, 5, 2892 
deterministic -, 5 
developmental systems, 5 
theory, 5 
developments of real numbers with respect to a 
natural number base, 1648 
deviation theorems, 2523 
devices 
analog -, 2489 
defining languages and relations, 1332 
recognizing -, 214 
Devie, Contejean and -, 3366 
DEXF’TIME, 3073 
DEXT, 1191, 1587 
DEXT t NEXT, 409 
Dezani, Coppo, - and Veneri, 858 
Dezani-Ciancaglini, Coppo and -, 1204 
DFA (deterministic finite automaton), 784, 2396, 
3123 
language, 2396 
of a regular expression, 3343 
DFS (depth first search), 927 
diagnosis of distributed computations, 3402 
diagnostic, 1210 





continued fractions, 1229 
form of a polynomial matrix, 762 
function f,(x), 2400 
processes, 166 
sets in complexity classes, 377 
diagonalization, 62, 166, 216, 239, 532, 708, 748, 
985, 1587 
argument, 1049 
arguments, tighter -, 220 
delayed -, 3490 
methods, 166 
over sla inputs, 62 
diagonalization over subrecursive classes, 239 
power of -, 239 
diagonalization, 
power of -, 62 
provable by -, 239 
resource bounded -, 166 
diagonal-searching, 3563 
dialgebras, 2 153 
diameter of 
a spanning tree, 3467 
networks, 1203 
diameters, 2660, 2772 
diamond 
n-ary product -, 273 
property, 1010,3179 
Dicky, Arnold and -, 3082 
dictionaries, 1360, 1731 
dictionary, 2122, 2487 
document, 3809 
order, 2287 
pattern matching problem, 2487 
dicyclicity of the symmetric group, 1667 
dI-domain, 2151, 2186 
dI-domains, 1728, 2150, 2340, 2753, 3132 
category of -, 2340 
Diekert, 2105 
difference, 1633 
between l-tape and 2-tape Turing machines, 
intrinsic -, 1378 
calculus, 1107 
equations, 3593 
hierarchy of Hausdorff and Kuratowski, 1786 
operator, 1633 
operators, linear -, 3 114 
differences 
high order -, 2714 
symmetric -, 2219, 2308 
differencing, finite -, 3343 
differentiability of polynomial time computable 
functions, 419 
differentiable function, 2402 
differential algebra, 1816, 2548, 3120, 3590, 3592 
differential equations, 608, 2523, 3120, 3590, 3591, 
3593,3605 
linear ordinary -, 3 117 
ordinary -, 2622,2768 
solutions of -, 2523 
differential fields, 1358 
combinatory -, 1358 
differential Galois group, 3589, 3591 
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geometry, 3590 
ideal, 1816 
differential invariants, 3591 
of a differential equation, 359 1 
differential 
operators. 2247 
operators, linear -, 3 114 
polynomials, 1816 




decision methods, 1816 
systems, 3592 
differential-functional equations, 2716 
differential-geometric property, 2402 
differentially 
algebraic functions, 3189 
stable systems, 3592 
Diffie and Hellman message authentication problem, 
788 
diffuse objects, 3738 
digital 
automata, 2625 
circuits, planar -, 493 
combination of - and analog circuits, 2628 
controller, 2628 
curve segmentation, 3430 
data structures, 27 11 
image processsing, 3430 




digital search, 2719 
trees, 1107. 1280. 1592, 1852,2714,2716,2719, 
2897 




spaces, inverse limits of -, 2994 
sums, 2356 
topology, 834. 2702, 2994 
trees, 1592 
tree sorting algorithm, 3659 
digraph, 95 I 
arc geography, 2141 
minimal broadcast -, 2380 
digraph-like models, 1825 
digraphs, 2141.2291, 2380, 2727, 3267 
bipartite degree-restricted -, 2141 
planar acyclic -, 2291 





dining philosophers problem, 486 
guarded commands, 1858 
notion of weakest precondition, 248 
Dijkstra’s predicate transformer. 2747 
formalizing -, 2747 
Dijkstra’s wp-calculus, 3001 
Diks, Garrido and Lingas, 2706 
DIL (deterministic information logic), 1689 
dilation-cost, 720 
Dill, Alur and -, 3196 
Dillencourt et al. 2896 
dimension, 1473. 3408 
dimension of a 
graph, 228 
mesh. 3736 
target class, 3 177 
dimension of l-groups, 943 
dimension 
relative -, 3 177 
theory. 3407 
three, complexity of -, 228 
dimensional 
k-- components, 2529 
two - plane, 273 1 
dimension-complemented, 2647 
LAA’s, 2647 




transformation, 13 15 
transformations, 2203 
dinaturality, 2203, 2272, 2592 
dining philosophers problem, 486, 701, 736 
Diophantine 
equations, 1404, 3366 
functions, 128 
inequations, 3366 
Diophantine predicates, 436 
with quantifier bounds, 436 
direct branching algorithm, 95, 471, 625, 1200 






inductive definitions, 1624 
limit, 879 
logic, 1763 
predicate calculus, 637, 1763 
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product, 455 
products of automaton decidable theories, 412 
semantics domains, 1440 
direct sum, 2801, 3596 
conjecture, 649 
directed acyclic 
graph, 209, 282, 376, 395 
graphs, 921 
subsequence graph of a text, 1466 
word graph, 3297 
directed animals, 2244, 2430, 3140, 3142 




column convex animals, 3142 
directed complete 








graph, 1414, 1770.3259.3412 
directed graphs, 929, 1135, 1357, 1448, 1640, 1741, 
2276,2428 
acyclic -, 2362 
directed complexity, reduced -, 394 
directed graphs, 
generalization of -, 1357 
machines defined by -, 638 
directed 
Hamiltonian circuit, 816 
hyperedge-labelled hypergraphs, 1541 
hypergraphs. 1357 
joins, 546 




subgraph homeomorphism problem, 209 
subsets, closed continuously -, 3029 
subsets, nonempty -, 546 
trees, 2141 
directional uncertainty, 2658 
directionality properties of an algorithm, 4 
directions, 2008, 2157, 2170, 2188, 2380, 2393, 
2492,2513,2621,2658 
director string calculus, 2100, see also DSC 
disambiguating finite transductions, 1184 
discarded branch, 3367 
discovering sources of parallelism, 1065 
discovery of new concepts from data, 2537 
discrete 
communicatig processes, 1623 
computations, 262 
concurrent systems, 1678 
decision theory, 1047 
distributions, 1618 
divergence, 2624 
dynamical systems, 2622 
dynamics, 2622 
discrete event, 2627 
controller, see also DES, DES’S 
discrete finite state automaton, 2623 
discrete Fourier transform, 454, 997 
over group algebras, 997 
discrete 
geometry, 298 1 
input symbols, 2623 
discrete iterations, 798 
framework of -, 798 
discrete 
Jordan theorem, 3416 
linear time, 3048 
logarithms modulo p, 1573 
nontrivial mixture of - and continuous, 2628 
probabilistic models, 2711 
processes, 2640 
program, 2620 
search, schemes of -, 1246 
spaces, 3181 
straight lines, 2215 




universal neural networks, 3287 
discrete warehouse, 2654 
problem, 2654 
discrete weight neural networks, 3287 
discrete-time single-server queueing system, 2720 
discretization of geometric data, 3 116 
discretizations, 2542 
discretized curves, parametrization of -, 2702 
discriminable set of h terms, 169 
discriminant, 459 













alphabets, languages over -, 293 
components, 2653 




programs, concurrent -, 269 
rewrite systems, 3245 
signatures. 3683 
term rewriting systems, 2801 
disjoint union. 2376, 2404, 2552, 2598, 3245 
disjoint union of 
its component categories, 1700 
term rewriting systems, 2882 
disjoint unions, 1423 
disjoint X-interpretations, 808 
disjointness, 1167, 2084, 2404 
distributional complexity of -, 2084 
disjunction, 2, 150, 3575 
of equalities between variables, 261 
binary -, 2 
disjunctions, Infinite -, 2989 
disjunctions of 
inequations, 3363 
quadratic monomials, 1521 
disjunctive 
character, 3 176 
components, 885 
consequences, 1454 
databases, 1455, 2227, 3133 
deductive databases, 1727 






programs, 1607, 3392 
disjunctive normal form, 261, 775 




sublanguages, semidiscrete -, 885 
disks, 2337, 2442 
disorder, bounded -, 3263 
disparity, 2662 
dispatch. multiple -, 3009 
display-map categories, 2095 
disprove inductive conjectures, 2748 
dissidence relation, 495 
dissolution technology, 2477 
distance automata, 2552 
finite-valued -, 2552 
single-valued -. 2552 
distance 
between KUM’s. 3537 
function on a finite automaton, 15 13 
distance functions for string-matching, 1714 
automata with -, 1353 
distance 
metric, 3504 
maximum intercluster -, 754 
modified edit -, 3399 
ultrametric -, 2987 
distance-hereditary graphs, 3294 
distances. 1795, 2020,2306,2428,2469, 2552, 2657, 
27 l&2766 
Hamming -( 2020 
shortest -, 2234, 2657 
distinct 










I -solvable tasks, 2732 
algorithm, 2474, 3458 
algorithm for set intersection, probabilistic -, 969 
distributed algorithms, 1153, 1207, 1416, 3488 
for complete networks of processors, 1207 
in synchronous broadcasting networks. 965 
distributed array 
query and visualization framework. 3741 






distributed computation, 515, 1030 
model, 965, 1009 
calculus for -, 5 15 
distributed computations, 2 144, 2402, 3402, 373 1 
definite -. 2436 
distributed computing, 965, I1 14, 2945 
agent, 515 
facilities, 3805 
distributed control, 2640 
problems, 486 
distributed data, 3741 
base, 272 





distributed databases, 2535 
distributed definite clause programs, 1293 
semantics of -, 1293 
distributed 
derivations, 2 129 
environment, 1038 
executions, 2144 
job scheduling, 2474 
K-selection problem, 1849 
leader finding, 1368, 1520 





model, 965, 1391 
nature, 2191 
parallelism, 2 129 
processes, 486, 1433,264O 
distributed programming, 585, 621, 3 173 
languages for -, 621 
distributed 
quorum consensus method, 3582 
real-time system, 3472 
distributed refutations, 1293 
operational semantics of -, 1293 
distributed scheduling problem, 2474 
distributed selection, 1849 
algorithm, 1849 
distributed sorting, 730 
algorithms, 1009 
algorithms for -, 730 
distributed system, 668, 1183, 3503 
implementations, 268 
distributed systems, 268, 514, 597, 964, 1030, 1336, 
1368,1678,1702,1766, 1776,2299,2333, 
30643353.3432 
behavior of -, 268.2333 
behavioural descriptions of -, 1336 
behaviour of -, 2299 
control problems in -, 270 
design, 1666 
implementation of -, 268 
modelization, 1391 
repeated snapshots in -, 964 
distributed 
task, 2732 
termination detection problem. 964 
distributed-memory machines, 2693, 3412 
distributing 
global control goals, 3391 
the address space among memory modules, 2926 
distribution of 
access probabilities, 1393 
Boolean operators, 3420 
insertion costs, 1107 
jobs in equilibrium, 1212 
letters, languages with fair -, 653 
distribution of primes, 608, 3282 
in arithmetic sequences, 608 
distribution of 
SAT solutions, 1508 
search cost, 3151 
vertex degrees, 1370 
distribution problem, 1433 
distributional 
communication complexity, 2084 
complexity, 2084 
NP problems, 3474 
distribution-free, 2294 
distributions, 2257, 2614, 2637, 2718, 2777 
execution time -, 2720 
limiting -, 2713, 2716 
distributions of 
black tokens, 8 18 
random variables, 3463 
the weights of codes, 1753 
distributions, product-form --, 2385 
distributive 
categorical setting. 2637 
category, 3 188 
computability, 3 188 
environment transformer, 3274 
graph, 3188 
distributive lattice, 882, 1193 
nontrivial -, 546 
distributive lattices, 2197, 2692, 3173 
tree representation for -, 3 173 
distributive semantics, 626 
for nondeterministic typedx-calculi, 626 
distributive 
stable L-domains, 2150 
structures, 1747 
distributively computable functions, 3188 
distributivity, 3132 
assumption, 2150 
distributivity of application, 626 
with respect to union, 626 
distributivity over nondeterministic choice, 1114 
disunification, 2686 
disunification problems, 2686 
ground solvability of -, 2686 
solvability of -, 2686 
divergence, 1114, 1127, 1830, 2160.2624.2639, 
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accumulative -, 2624 
divergence and 
boundedness of computations, 300 
readiness semantics of Olderog and Hoare, 961 
divergence 
decision problem, 535 
dense -, 2624 
free, 1499 
in timed processes, 1114 
occurrence of -, 2624 
preserving bisimilarities, 3483 
divergent 
completion processes, 1279 
computations, 440 






partially commutative polynomials, 1094 
sparse binary numbers, 608 
divisibility problem 
for polynomials, 608 
in algebra, 327 
divisibility properties of 
polynomials, 3032 
sparse polynomials, 608 
division, 1843, 2199, 2730, 2798 
algorithm for partially commutative polynomials, 
1094 
by 2, integer -, 488 
integer -, 488, 566 
operation, 2999 
operator, 3335 
problem for N-rational formal power series, 107 
ring, 1813 
sequences, 1561 
DL (class of sets accepted by log-space-bounded 
deterministic TM’s), 1445 
DL = NL, 1445 
DL = P, 1445 
DL, first-order dynamic language, 366 




specification language, 414 
implementation for -, 414 
Interpretation theorem for -, 414 
DMM (distributed memory machine), 3235 
DNA 




DNF formulas, 3556 
DNF representations, 3404 
doacross, 1372 
document 
processing, 2303, 3045, 3809 
processors, 3809 
structure. 3809 
types, 2303, 3809 
use, 3809 
DOL. see DOL. D’OL 
Dolev 
and Yao, 777,788 
et al., 2732, 3458 




domain constructions, 110, 2278 
stable power -, 2587 
domain decomposition, 3234 
problem, 3234 
domain 
effectively given -, 895 
element, 1741, 3023 
equation, 33 10 
equations, 542, 1299, 1417, 1676, 2206, 3074. 
3426.3537 
domain equations, algebraic -, 542 
analogue to -, 542 
domain equations, recursive -, 3216 
domain 
finite -, 60 
function space of a -, 539 
in ihe sense of Scott. 895 
knowledge, 25 13 
domain of a 
Boolean network, forcing -, 798 
data base, 462 
h model, 878 
domain of 
histories, 267 
infinite trees, 892 
input/output histories, 1410 
interpretation, 195 
natural numbers, 1678 
nontermination, 3023 
programs, restricted -, 500 
symbolic expressions, 444 




semantic -. 3203 
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size, 3223 
structure, 1440 
syntactic -, 3367 
theory, 271, 1313, 1371, 1626,2879,2991,3110, 
3124,3435,3440 
domain theory, 
constructive -, 3110 
ultrametric -, 3216 





domains, 271, 1037, 1078, 1282, 1294, 1299, 1315, 
1323, 1408, 1417, 1423, 1487, 1528, 1619, 






bifinite -, 2038, 2150 
bounded complete -, 3132 
domains, Cartesian closed, 
categories of -, 1294 
category of -, 539 
domains, 
Cartesian-closed category of -, 2272 
categories of -, 2272 
category of -, 1299 
class of -, 1323 
concrete -, 2319, 2320 
defined by simultaneous recursion, 1037 
dI--, 3132 
effectively given -, 110, 581 
domains equation, 2573 
domains, 
filter -, 2316 
flat -, 2278 
domains for 
concurrency, 1676 
logic programming, 174 1 
domains 
full -, 1302 
in semantics, 655 
inf-faithful --, 2588 
labelled -, 2579 
largest category of -, 539 
domains of 
continuously generated fixed points, 1299 
cpo’s, 3438 
graph problems, 16 




infinitary languages, 734 




partial descriptions, 1691 
programs, 155 1 




polyhedral -, 2029 
prime algebraic -. 3074 
probability distributions on -, 246 
quasi-prime algebraic -, 3074 
recursively defined -, 2376 
Scott -, 2197,2206,2299 
semantic -, 2327, 2367, 2992, 3310 
stable -, 2150, 2151, 3132 
theory of -, 27 1,58 1 
total objects of -, 672 
with deflations, 1626 
domain-theoretic 
framework, 2186 
proofs of Banach’s fixed point theorem, 3445 
domain-theoretical constructs, 2588 
domain-theory, 1678 
dominance 
for vectors, 1035 
ordering, 1264 
problems, 3403 
dominant root, 2073 
dominating clique, 1690 
problem, 1045, 1690 
dominating set, 1164 
problem, 1028 
minimum -, 3211 
dominating spaces, 2630 
domination 
for graphs, 1045 
games, 25 12 









domino snake problems, 2485 
solvability of -, 2485 
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domino 
tiling, 1820, 3145, 3147, 3485 
types, 1820 
dominoes over a free monoid, 387 
Donos, 2573 
Dorst-Smeulders parametrization of digital line 
segments, 3430 
Doshita and Yamasaki, 2237 
dota, deterministic on-line tesselation acceptor, 1256 
dot-depth, 2050, 2353 
hierarchy, 2050 
monoid varieties of -, 2353 
dot-depth of 
a star-free language, 1118 
monoids, 1253 
dot-depth 
one, events of -, 678 
two, 1118. 1253 
dot-depth-one language recognition, 1643 
dot-products, 3193 
double 
coset membership, 3303 
diagonalization. 1587 
double pushout 
algebraic graph rewriting, 2935 
approach, 2935 
construction, 2935 
graph rewriting, 2935 
double 
rotations, 240 
stochastic tree automaton, 2949 





double-exponential time, deterministic -, 3036 
double-infinite paths, 1105 
double-pushout, 3342 
framework, 2 13 1 
transformation rule, 2131 
transformations, 2 13 1 
double-pushouts, 3418 
doubly 
exponential blow-up, 967 
infinite word. 860 
doubly linked 
lists, 648 
loop networks, 185 I 




LGwenheim-Skolem theorem, 1046 
theorem, 1046 
downward translations, 1419 
of equality, 1419 
downwards 
accumulations on trees, 33 I7 
passes, 33 17 
dP grammar 
deterministic pure grammar, 375 
forms, 375 
DPA, non-singular -, 151 
DPDA (deterministic pushdown automaton), 85, 132. 
295.357,618.820. 1200 
DPDA, 
non real time -. 67 1 
nonsingular -, 618 
super-nonsingular -, 618 
DPDA’s. equivalence problem for -, 126, 132, 1344 
special -, 95 
DPDA’s 
in atomic normal form, 405 
normal form for -. 295 
drawing 
graphs, 2490 
partial orders, 3407 
drinking glasses game, 2 1 I7 
dropping of type-statement premises, 979 
DR, look-ahead, 2705 
DSC (director string calculusp, 2100 
d-self-reducibility, 1517 
DSPACE, 1390, 1109, 1571,2395,3302 
D-structuredness, 710 
DTOL functions, 189 
DTOL system. 197,952 
DTOL systems, 189, 197. 393,2427 
generalization of -. 2427 
Markov -, 677 
DTOL-langages, 197 
DTA (deterministic Turing acceptor), 216 
DTA’s, o-, 216 
DTC, 2785 
DTIME, 839,891, 1049, 1419, 1844,2698.3201, 
3350 
DTM (deterministic Turing machine), 493 
DTML (different than majority labelling), 1437 
d-trapezoid graphs, 3408 
DU (deferred update), 2795 
dual 
automaton, 1050 
graph, 3 147 
monotonicity, 2918 
monotonic language learning, 2918 
characterization, Stone -, 2038 
dual of 
a Hopf algebra, 1384 
behavior relations, 3441 
cumulativity, 2918 
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dependency, 495 
equipotence, 495 
realization relations, 3441 
dual of the 
class of saturated sets, 495 
completion relation, 495 
dissidence relation, 495 




problem to least fixed points, 338 
relation, 495 
dual return complexities, 184 
dual return complexity classes, 184 
of nondeterministic Turing machines, 184 
dual, Stone -, 2641 
dual weak-monotonic learning, 2918 
dualities between sublanguages, 1858 
duality, 1063,3065 
duality between 
algebras and frames, 2986 
optimum search trees and minimum weight 
partitions, 125 1 
search tress and partitions, 1251 
the category of modal algebras and the category 
of descriptive modal frames, 2986 
duality, Hoffmann-Lawson -, 2197 
duality of 
the modal p-calculus, 2986 
topological spaces and observation frames, 2989 
dually chordal graphs, 3294 
duals of 
plane graphs, 3 198 
polyhedra, 143 
Dube and Culik, 2614 
Dubuc and Street, 1312 
Duchamp and Thibon, 1718 
Dudeney, 1787 
Dulucq and Gouyou-Beauchamps, 1532 
dumps, 2388 
Dung’s grounded argumentation semantics, 3293 
duplicate-freeness, 2790 
duplication, 3260, 3510 
duplicator, 32 18 
duration calculus, 2624, 2626, see also DC 
framework of -, 2624 
durations, 2468,2626, 2649 
duration-unknown task scheduling problem of Cole 
and Vishkin, 3227 
Duris and Galil, 924 
Dushnik-Miller dimension 
of partially ordered sets, 228 
classic -, 1324 
Duval, 2756 







set, 455, 994, 2420 
generator, anti--, 236 
language, restricted -, 932 
semi-- language, 25 18 
Dyck set, 
one-sided -, 149 
two-sided -, 149 
Dyck word, 3 139 
Dyck-reduction, 693 
Dymond and Tompa, 2562 
dynamic 
adequacy, 2594 
algebraic dependencies, 3624 
algebras, 1698, 2544 
dynamic algebras, 
representable -, 371 
separable -, 37 1 
dynamic 
algorithms, 1360, 1731, 2234 
atomicity, 2194 
behavior, 2130, 2659.3402 
dynamic behaviour, 2133 
dynamic behaviour of 
a database, 1545 
automata networks, 805, 944 
dynamic 
binding, 3686 
clauses control operators, 2277 
constraints, 1425, 2532, 3345, 3624 
control, 2441 
creation of processes, 1621 
database behaviour, 1425 
data structure, 2291 
decision rules, 1577 
detection, 2680 
dictionary matching, 2487 
embedding of X-trees into arrays, 1129 
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Kahn networks. 3692 
labeled 2-structures, 2432 
language, 366, 1137 
language, first order -, 366 
dynamic logic, 248, 361. 366, 414, 897, 1298, 1485, 
1665, 1698, 1802,3131,3322,3583 
of type d, 366 
array assignments in -, 703 
expressing program looping in regular -, 388 
first order -, 36 1 
first-order --, 361, 703 
formulae of -, 388 
propositional - ,346,361,431,541,552, 825, 
3036 
quantifier free -. 388 
regular -, 388 
restricted propositional -, 541 
Segerberg axioms for propositional -, 292 
structured syntax of -, 361 
syntax of -, 361 
dynamic logics, 1057, 2544 
first order -, 543 
dynamic maintenance, 1357 
of directed hypergraphs, 1357 
dynamic 
modelization, 2715 
nondeterministic networks, 3692 
optimization, 2441 
placement of resources in a tree, 3292 
planar point location, 1389 
predicate logic, 897 
dynamic problems, 2487 
algorithms for a -, 3020 
computational complexity for -, 3020 
dynamic programming, 1132, 1194, 1205, 1706, 
2142,3173,3806 
algorithms, 877 
dynamic programming membership 
algorithm, 73 1, 877 
dynamic programming 
problems, 1132, 1706, 2082 
routines, 1205 
solutions, 1205 
speeding up -. 1205 
with precomputation, 763 
dynamic properties of machines, 2990 
dynamic reachability, 229 1 




relational semantics, 1629 
scheduling, 1759, 2467 
secret sharing schemes, 3206 
self-stabilizing networks, 3488 







systems, 1473, 2628 
task-parallel programs, 3239 
theories, 2297 
typing, 237 1 
dynamical behavior, 2216 
dynamical behaviour, 3221 




properties, 2704, 2721 
subsets of the Rauzy fractal, 3533 
dynamical system, 1053.3533 
associated to a QAT, 298 1 
symbolic -., 2996 
synapse -, 3026 
dynamical systems, 1757,2347,2489,2525,2542. 
2621,2703,3111,3225,3288,3594 
associated to the Rauzy substitutions, 3 I 1 1 
continuous-state -, 2627 
low-dimensional -, 2502 
qualitative behavior of -, 2542 
symbolic -, 857 
dynamically 
reconfigurable optical networks, 3735 
scheduled processors, 3737 
specified map, 1577 
varying data structures, 1360, 173 1 




chip firing games, 1719 
equivalence relations, 1686 
super Turing theories, 3289 
the continued fraction transformation, 3659 
E 
E, 1512 
E, exponential time complexity class, 3262 
E# NE, 3130 
EOL 
family, 430 
families, ordinary -, 430 
form, propagating -, 576 
EOL forms, 119, 254,430, 635 
m-completeness problem for two-symbol -, 430 
theory of -, 301 
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EOL grammars, 1536.3128 
EOL language, 129,253 
EOL languages, 477, 1636,3025 
ambiguous -, 561 
EOL 
rewriting, 731, 3025 
system, 561, 1636 
systems, 119, 253, 254 
systems, normal form for -, 301 




EOL-languages, 8 17 
EOL-unambiguous, 253,254 
EOS system, 341 
J? PROM type memories, 2469 
eager 
computation, 3384 
variable elimination, 3273 
ear decomposition search, 927 
parallel -, 927 
ear 
decomposition technique, parallel -, 3267 
label, 1386 
Earley algorithm on parsing, 2056, 2158, 2310 
Earley’s recognition algorithm, 1491 
early bisimulatron equivalence, 3526 






e-CCC structure, 1201 
E-complete kernel, 2219 
ECTL, 2406 
embedding of -, 2406 
Edelsbrunner et al., 1722 
edge colouring, 1401 
of graphs, 228 
planar graphs, 1401 
edge dilation, 232 
edge disjoint 
cycles, 2433 
perfect matchings, 2021 
edge failures, 3488 
edge geography, 2169 
game of -, 2169 
undirected -, 2169 
edge labelings, 391,2722,3198 
for trees, complexity of -, 391 
edge recoveries, 3488 
edge replacement 
graph grammars, 2227 
systems, 982 
edge separators, 2 174 





indifference graphs, 3466 
outerplanar graphs, 1347 




edge-labeled graphs, 232, 726 




colouring of -, 228 
maximum number of -, 2021 
edge-search, natural generalization of -, 2617 
edit distance, 1714, 1769, 3399, 3470 
based string-matching, 1714 
modified -, 1205 
edit problem, 2697 
editing environments, models of -, 1375 
EDS (ear decomposition search), 927 
EDTOL languages, 2 1 
depth in -, 472 
growth functions in -, 590 
EDTOL systems, 472,590 
EFDOL languages, 2760 
effect of alternation, 825 
effective 
abstract complexity theory, 3004 
(automatic) test generation, 729 
characterization of squarefree morphisms, 383 
closure properties, 27 12 
compilation, 1621 
composition, 239 
computable neccessary conditions for equivalence 
of cf. grammars, 229 
cpo, 523 
effective 
cpo’s, admissible representations of -, 523 
decidability, 529 
domains, 1315, 1880 
effective findability, 68, 198 
of zeros, 68 
effective 
form of the classical zero-one law, 3652 
hierarchy, 3230 
inference systems, 1761 
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infirmary logic formulas, 2792 
interpretations, 2297 
measure zero, 3004 
namings, 2 I82 
objects, 13 IS 
orule, 361 
effective operators, 12, 33 
equivalence to -. 33 
effective 
preservation of recognizability, 3535 
programming system, 2302 
proof systems for temporal logic, 1220 
query, 1304 




subdirect decomposition, 1847 
synthesis, 1176 
topos, 13 15 
version of the Baire category theorem, 3004 
effectively computable functions of power algebras 
of sets. 899 
effectively computable semilinear 
reachability sets, 891 
set, 617 
sets, 160 
effectively computable subset, 991 
effectively constructible semilinear Parikh maps, 404 
effectively decidable, 3046 
effectively given 
domains, 110, 581 
spaces, 58 1 
effectively stratifiable 
logic programs, 1454 
programs, 1454 
effectiveness, 2304, 2466 
aspects. 849 
effectivity, 1830, 2182 
standard theory of -, 738 
theory of -, 738 
unified theory of -, 738 
efficiency, 2 114,2434,2464,2569,2146 
formula, 3730 
incremental -, 2475 
efficiency of 
algorithms, 3141 
a proof method, 1701 
data organizations, 1731 
functional programs, 3343 
large-size applications, 3730 
efficient algorithm, 45, 942, 1242 
for planarity-testing, 45 
efficient algorithms, 928, 942, 968, 2212, 2456, 2537, 
2538,2543,2566,2604,2654,2657,2658 
for implementing addition of real numbers, 928 
efficient 
augmentation, 2653 







delay routing, 3734 
downward pass, 33 17 
dynamic solutions, 2475 
effective solution, 3120 
encoding of pose&. 1324 
encodings, 89 
evaluation, 2006 
evaluations of expressions, 213, 218, 223 
execution, 3557 
general-purpose parallel computer, 627 
efficient implementations. 1307, 1316 
of optimal complexity, 1203 
efficient induction mechanisms, 2536 
efficient learning. 355 1 
algorithm, 2613 
efficient 
model checker, 753 
models, 8 I8 
monotone solutions, 1239 
efficient parallel algorithm, 927, 1119, 3396 
efficient parallel algorithms, 1335, 2456. 2565. 2722, 
2739,2767,2781 
complexity theory of -, 1335 
development of -, 2781 
efficient parallel 
computations, I132 
solutions, 2475, 2565 
efticient parallelization, 2422 
efficient recognition of transductions, 763 
and relations, 763 





scheduling of tasks, 245 
simulations, 1239. 1281, 1335 
solution, 1389 
space-bounded TM simulations, 1281 
efficient string matching, 848 
algorithms, 497 
efficient time-bounded ATM, 1281 
efficiently identifiable language, 3427 
EFS (elementary formal system), 1762, 2608 
EFSs, 2608 
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Eggan, 596 
Egli-Milner ordering, 1127 
Egli-Milner’s order, 605 
E-hard kernel, 2219 
Ehrenfeucht, 1143.3297 
Ehrenfeucht and 
McNulty, Bean, -, 1180 
Mycielski, 3 129 
Rozenberg, 868,2229,2504,3422 
Rozenberg, clan decomposition theorem of -, 
2906 
Ehrenfeucht conjecture, 588, 768,874,901, 1332 
effective variations of the -, 1332 
generalizations of the -, 909 
Ehrenfeucht et al., 1635 
Ehrenfeucht-FraissC 
game on graphs, 3218 
games, 3218 
Ehrenfeucht games, 226 
Ehrenfeucht’s conjecture, 814, 841,874, 909, 918 
from Hilbert’s basis theorem, 874 
Ehrhard, 2095 
Ehrhard’s D-categories, 2591 
Ehrig’s rewriting system, 1149 
eigenvalue 
largest -, 2236 
problem, 3446 
eigenvalues of 
north-west corner truncations, 614 
Parikh matrices, 68 
sparse matrices, 608 
Eilenberg, 64,77, 114, 397,616, 1822, 2614 
equality theorem, 1810 
Eilenberg-Moore categories of algebras, 1830 
Eilenberg’s 
cross-section theorem, 168 
equality theorem, 1464 
open problems, 461 
theorem, classical -, 43, 77, 108, 141, 197 
theory of varieties, 1113 
election algorithm, 
Chang-Roberts distributed _, 1368 
deterministic bidirectional variants of the 
Chang-Roberts distributed -, 1368 




reactive language, 2745 
real-time language, 1793 
electrical behaviour, 1407 
elegant algorithm, 942 
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distinctness, 924, 2137 
computing the order of an -, 809 
least -, 482, 849 
unique maximal -, 782 
elementary 
arithmetic, 50 
asymptotic solutions, 1470 
cellular automata, 2721, 3253 
combinatorial problems, 1470 
components, 2929 
constructions, 113, 2324 
DOL systems, 139 
decidability, 3195 
disjunction, 164 
formal systems, 1762 
formal systems, see also EFSs 
functions, 916, 3186 
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elementary theory of 
Boolean algebras, 215 
higher-order universal algebra, 1859 
the category of sets, 1371 
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elementary transition systems, 1776 
elements 
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bispecial -, 2599 
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of the cut-rule of transitivity from the subtype 
relation, 3299 
operators, 337 1 
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ELT,, class of languages, 3014 
embeddability 
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embedded 
functional dependencies, 1449 
implications, 2533 
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embedded 
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mechanisms for graph grammars, 423 
method, 2736 
metric spaces, 325 
embedding of X-trees, 1129 
into arrays. 1129 
embedding orders. 3409 
in a grid, 3407 
embedding problem. 613, 1804,2076 
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embedding 
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theorem, 14482545 
embedding-projection pairs, 2751 
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emptiness, 2410, 2558 
emptiness of intersection, 198 
decidability of -, 711 
emptiness problem, 2704, 3795 
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emptiness, testing for -, 70 
empty & 
redistribute game, 3671 
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empty 
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clause, 244 
process, 3452, 3506 
proposition, 2042 
relation. 2616 
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empty-all-but-one game, 3671 
empty-carrier problem, 2880 
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enabled section, 1780 
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encoding, 1224, 1664.2080.2575 
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binary -, 413 
digital data, 1355 
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multivalued -, 2543 
encoding of 
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dags, efficient -, 1324 
posets, efficient -, 1324 
encoding 
optimal bit-vector -, 3173 
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ordinary -, 2543 
posets, 3407 
processes, optimization of -, 1355 
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encoding, uniform -, 232 
encodings, 379, 1617 
end variable, 3042 
endgame positions in the game of GO, 3291 
endmarking, 1061, 2560 
endofunctions 
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endofunctor, 153, 3348 
endofunctors, 2201, 275 1 
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of monoids, 1383 
ergodic aperiodic -, 2347 
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free monoids, 3256 
monoids, 814, 841 
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end-to-end delay, 3734 
energy function, 1503 
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enforcement, 1688 
Engeler, 1797.2324 
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Engelfriet, 2937 
and Courcelle, 2001 
et al., 2306 
engineering systems, 2385 
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eNLC families of languages, 3429 
enough points, 1740 
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category, 3216, 3426, 3578 
enriching signatures, 2160 
enrichment, 1681 
finite approximation by -, 3434 
functorial semantics of -, 884 
specification, finite hidden -, 1268 
enrichments, safeness of -, 595 
entailment, 1068.2336, 3368.3440, 3688 
between specifications, 1068 
relation, 2132 
requirements, 3688 
entailment-based actions, 3688 
entire 
system of equations over an alphabeth. 768 
systems, 768 
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one counter languages, 614 
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entropy reduction game, 3671 
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by iteration, 1497 
class of algorithms, 1335 
complexity, 23 I 
E-pattern languages, 3491 
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epistemic logic, 1219 
equational theory, 2372 
enumerable languages, 28, 294, 2213 
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reliable axioms, 1680 
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enumeration of graphs, 379 
and maps, 379 
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e-free, 2303 
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e-general theorems, 2763 
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e-transitions, 2303 
EXTOL languages, 1069 
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equal conflict 
net systems, 3065 
systems, 3065 
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sequences, deciding -, 609 
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systems, 30 
2628,2662,3620 equality relation, 1628 
database programming 2224 equality, reflexivity -, axiom of 862 
-, multiprocessor realtime -, 2437 equality rule. 1628 
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procedures, 2748 
equational 
dataflow language, 267 
deduction, 2065, 2880 
definability, 3799 
definition, 303 
definitions of functions, 2902 
formal systems, 372 
Horn programs, 3246 
hypergraphs, 2032 
inference system, 1275 
X-calculus-theory, 1308 
languages, 1221 
implication, characterization of -, 2295 
equational languages, 
full abstraction for -, 1221 
limiting completeness in -, 1221 
equational laws, 1314 
for bisimulation equivalence, 1666 
equational logic, 843, 1195, 1314, 1442, 2187, 2204, 
3382.3450 
languages, 1411 
of fixed points, 3450 
presentation of -, 2187 
programming, 2096, 2679 
equational normal forms, 438 
of rational schemes, 438 
equational preference principle, 2295 
equational process theory, 3506 
equational programming, 1412, 2889 
in ~-calculus, 3046, 3047 
language, 3046,3047 
equational proofs, 1276 
equational properties, 1195, 2154, 2616 
equational properties of 
fixed points, 2950 
iteration, 3442, 3694 
equational properties of the 
fixed point operation, 3694 
fixed-point operation, 2950 
equational reasoning, 2035, 3012, 3679 
equational rewriting, 1066 
systems, 1150 
equational sets, 2001 
equational specification, 1082 
of partial higher-order algebras, 1082 
equational 
specifications, 595, 1591, 1619 
subsets of general algebras, 3086 
techniques, 2063 
term rewriting systems, 1361 
theories, 845, 1276, 1279, 1411, 2035, 2147, 
2372,2541,2748,3273,3683 
theories, taiIored -, 2063 
equational theory, 1157, 1273, 1275, 1276, 1279, 
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differential -, 2523 
differential-functional -, 2716 
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finite sequence of -, 2353 
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recurrence -, 2232 
recursive -, 2032, 2580 
sequence of -, 2353 
equations, solving, -, 2578, 2679 
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2946 
database schemata, 408 
program schemas, 60 
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recursive programs, complexity of -, 449 
relational database schemata, 408 
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equivalence classes of 
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finite computation sequences, 1213 
types in the BCD-system, 3011 
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complexity of - between recursive programs, 449 
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decidable -, 512 
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flow -. 307 
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second-order predicate calculus, 279 
the DCP model, 1623 
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subsequential functions, 907 
susequential functions, 907 
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levels of -, 256 
morphism -, 653 
observational -. 1397 
equivalence of 
algorithms, 3516 
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batteries of tests, 729 
c.f. grammars, 229 
communication structures, 1110 
computational networks, 1110 
concurrent systems, 1110 
constraint systems, 3150 
equivalence of deterministic 
finite turn pushdown machines, 70 
pushdown automata, 625 
pushdown transducers, 1200 
equivalence of DPDA’s, 625 
decidability of -, 820 
equivalence of 
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families of DPDA’s, 67 1 
finite automata over semirings, 1653 
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infinite behavior, 616 
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optimization problems, 2998 
polynomial-time programs and polynomial-time 
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programs, 703 
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recursive program schemes, 179 
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term rewriting systems, 1687 
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complexity of the -, 352 
DOL -, 139.1332 
decidability of -, 1332 
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machines, 70 
deterministic time complexity of the -, 281 
equivalence problem for 
arithmetic expressions, 392 
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equivalence problem for context-free 
languages, 188 
tree grammars, 126 
equivalence problem for 
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DPDA, 1344 
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E-pattern languages, 3491 
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equivalence problem for 
linear s-grammars, 47 
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Presburger sets, 281 
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almost-confluent Thue systems, 869 
expressions with interleaving, 3036 
preperfect systems, 869 
Thue systems, 869 
equivalence problem for semilinear sets, 281 
equivalence problem for simple 
languages, 188 
grammars, polynomial algorithm for the -, 3002 
equivalence problem for 
transducers, 909 
tree grammars, 132 
vector addition systems, 891 
equivalence problem modulo a finite set, 355 
equivalence problem of 
compositions of morphisms, 811 
inverses of single-valued rational transductions, 
925 
rational transductions, 925 
single-valued rational transductions, 925 
equivalence problem 
ordinary -, 635 
pomset-trace -, 3073 
reductions between -, 132 
equivalence problems, 295.357.405, 1332, 1380, 
2108,2760,3801 
decidability of -, 1332 
equivalence problems for 
multiplicity sets of regular languages, 707 
picture languages, 1008 
URE, 695 
equivalence problems in form theory, 635 
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proof of operational and denotational semantics, 
314 
queries, 1428, 3347, 3551, 3556 
refusal -, 976 
equivalence relation, 2028, 2327, 2413, 2644, 2703, 
2796 
behavioural -, 265 1 
coarsest -, 2796 
equivalence relation for 
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finite computation sequences, 3215 
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programs, 1695 
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methods of -, 2283 
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Euclidean 
spaces, 1366,2614,2621 
traveling salesman problem, 91 
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evaluating, 204 
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evaluating integers, 72 
evaluating interpolation polynomials, 826 
complexity of -, 826 
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semi-naive -, 2746 
sequentiality of -, 2320 
evaluation strategies, 2334, 2571 
for concurrent languages, 3620 
evaluation 
strategy, 1010, 1363, 1824 
transform, 1474 
suspended -, 2644 
evaluations, 3799, 3807 
of graph-like expressions, optimal -, 218 
Even 
and Tarjan, 927 
Lempel, - and Cederbaum, 45 




event automata, 2634 
event domains, 1282 
representation result for -, 1282 
event 
expressions, 294 
instants, limiting behaviour of -, 470 
occurrence, 1793 









A-free -, 2263 
labelled -, 2039 
local -, 3061 
prime -, 3061 





protocols, phenomena of -, 2634 
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refinement of -, 2535 
event-structures, 2576 
eventuality properties, 851 
eventually periodic, 2983 
evidence 
empirical -, 2430 
theory, 3333 
evil scheduler, 668 
evolution, 1360 
laws, 1366 
concurrent -, 847 
evolution of 
a network of automata, parallel -, 944 
coloured spaces, 1366 
n-segments, 3226 
evolutionary sites, 2737 
exact 
algorithms, 2029 
asymptotic value, 1368 
characterization, 2758 
clocks, 2622 
exact computation sequences, 1021 
for axiom systems, 1021 
exact 
congruence, 274 
counting problem, 2021 
cover by 3 sets problem, 8 16 
explicit calculation, 394 
expressions, 2385 




order, 27 19 
regular expression, constructability of -, 355 
relationships, 2365 
shortest distance, 2657 
solutions, 1212, 2387 
trade-offs, 343 
values, 2252 
exactly uniform generation of efficiently verifiable 
combinatorial structures, 844 
exactness, 2529, 2666 
genericity guarantees -, 2529 
exception algebras, 884 
exception handling, 673, 884, 1484, 1502, 1677 
formalism for -, 884 








values, 25 15 
exceptions 
data types with -, 2066 
equational deduction of -, 2065 




exchanged information, 2144 
exchanges, 2144 
of three intervals, 3226 
excitement relations, local -, 486 
exciting developments, 2143 
excluded 
middle, 2315 
miracle, law of the -, 3023 
exclusion, mutual -, 3060 
exclusive read 
concurrent write PRAM, 3735 
exclusive write PRAM, see also EREW PRAM 







SML program, 3376 
state sequence, 1425 
structure, 1201 




histories, sequentialized -, 294 
methods, 275 
methods of -, 275 
model, 3337 




execution time, 138 1 
distributions, 2720 
execution times, 2144, 2466 
behavior of -, 2144 
execution trees, 276 
executions, 1699.2013, 2144, 2157,2368, 2436, 
2745,2755,2795 
distributed -, 2144 






a semigroup with unsolvable word probelm, 327 
free and initial models, 2880 
home states, 3065 
one-way functions, 1515 
recursive sets, 385 
refinement mappings, 1543 




theorem of pushout-complements, 1448 
theorems, 1527, 1859 
existential 
configurations, 825 
elimination rule, 1602 
equalities in partial algebras, 2880 
equivalence, 279 
formulas, 2297 
fragments, 2002, 2268, 2686 
partial correctness, 279 
quantification, 3518 
existential quantifier, 2018 
of TLA, 3611 
existential 
query, 1457 
second-order logic, 3218 
states, 1050, 1790, 3346, 3417 
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theory of Abelian l-groups, 943 
types, 3500 
variable, 436 
existentially quantified conditions. 1412 
exit time distribution, 2389 
EXP, 2220, 2457.2162 




graphs, 2362, 2474 
morphism. 3167 
properties of graphs, 1153 
expansion, 1745 
rules, 3386 
theorem for ACP, 727 
expansions, 2263, 2356 
k-, 1223 
continued fraction -, 1229 
expansions of 
combinatory algebras, 601 
interiors of h-models, 601 
expansions 
S-3 1229 
with bounded partial quotients, continued fraction 
-, 1231 
expansive extensional rules for eta, 3324 
expectation, 2447, 2715, 2717, 2720 
operator, 3258 
sets, 62 1 
expected 
access time, 3521 
behaviour, 1755 
communication complexity, 1849 
complexity. 1709 
cost, 1770 
look-up time, 1709 
message complexity, 1520 
expected number, 2382 
expected number of 
messages for distributed selection, 1849 
moves, 1788 
expected performance, 3627 
expected time, 2167,2729 
polynomial, 176 
solution, 2729 
expected value measures, 1174 
expected-value, 2538 
expensive depth-reduction, graphs with -, 376 
experiment schemes, 1782 
experimental 
input-outputs data, 1746 
results, 2167 
tool, 2534 
experiments, 2009,2430, 2662 
on parallel processes, 700 





EXPH (exponential-time hierarchy), 3019 
explanation, 3392 
explanations, honest -, 2295 
explicit 
abstraction operator. 727 
characterizations, 2797 
coercions, 3009 




explicit loops, 256 
explicit negation, 3293, 3328 
operator, 760 
explicit 
polynomial transformations, 2377 
recursion, 2225 
representations, 698 
sequences, 260 I 
substitution, 3042 
substitutions, 2334, 3265 
time school, 361 
upper bounds, 2408 
exploiting cancellations, 262 




exponential blow-up, 967 
doubly -, 967 
exponential bounds. 535 
exponential complexity of 
key sets, 3625 
sets of functional dependencies, 3625 
exponential 
connectives, 1791 
cycles, 3 I83 
deterministic time, 3068 
distribution. 1212 
distributions, 2382 
formal power, 2247 
function, 2251, 2523 
function, double -, 70 




in the dimension, 3736 
exponential lower bounds, 43 1, 2723 
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on the number of nodes of threshold-MODr 
circuits, 3222 
exponential monotone time, 262 
exponential power, 3322 
of negation, 1239 
exponential 
proof procedure, 244 
single server, 2389 
size, 2092, 2672 
exponential space, 93 
algorithm, 468 
exponential 
speed-up, 3 134 
speedup by using negation, 262 
stratification scheme, 1575 
sums, 1753 
exponential time, 54, 164, 1058, 1821, 2077, 2223, 
2277,2351,2489,2507,2603,3067,3068, 
3087,3262 
bounded equivalent, 23 1 
complexity, 70, 1508 
deterministic double -, 2552 
recognizable languages, 1615 
solutions, 315 
exponential trade-off, 3469 
of negation versus complexity, 262 
exponential 
types, 3434 
upper bound, 2302 
worst-case time complexity, 2175 
exponentially 
bounded problems, 3020 
long proofs, 1244 
more powerful, 3068 
powerful, negation can be -, 262 
exponentials, 2153, 2231, 2283, 2406, 2469, 2720 
exponential-time, 1513, 2219, 2457 
algorithm, 2555 
bounded, 3038 
complete sets, 1497 






languages, 54, 1839,2177 
exponentiation, 2463 
bifunctor, 2272 
modulo a large number, 332 
expressibility, 1422, 1590, 2479 
expressible queries, 2225 
expressing 
liveness properties, 1365 
data analysis problems, logic language for -, 716 
expressing program looping, 388 
in regular dynamic logic, 388 
expressing 
recursive systems, language for -, 873 
safety properties, 1365 
temporal properties, 85 1 
expression 
complexity, 2223 
evaluation, 1582, 1632 
of preferences, 1455 
expressions, 875, 942, 1622 
bounded inequivalence aprobelms for -, 392 
classical systems of -, 223 
compiling algorithm for -, 196 
evaluating -, 2575 
evaluation of -, 213, 218, 223, 1287 
expressions for, 
functions, size of -, 39 
languages, rational and regular -, 871 
expressions 
from the polynomial hierarchy, 708 





h--, 858, 1341 
Martin-Lof type theory -, 813 
expressions of 
infinite length, 60 
intractable complexity, 695 
expressions, regular -, 3 123 
and rational -, 871 
expressions 
size of -, 39 






expressive power, 60, 303, 388, 603, 830, 899, 1068, 
1136, 1374, 1412, 1416, 1453, 1456, 1627, 
1723,3054,3133,3365,3630,3644,3847 
for defining intermediate languages, 1374 
expressive power of a 
language, 361 
logic, 703 
expressive power of 
algebraic specification languages, 603 
DatalogCIRC, 3644 
dynamic logic, 366 
first-order dynamic logics, 543 
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expressive power of first-order logic, 703 
with arithmetic. 3365 
expressive power of 
Mimer’s synchronous calculus, 593 
nonmonotonic formalisms, 3 133 
PL, 155 
programming languages, 652 
quantifier free dynamic logic, 388 
rule-based query languages, 1453 
subtypes. 120 1 
temporal logic, 1068, 1.568 







strengths of Forum, 3248 
structure, 769 
expressiveness. 508, 541, 562, 592, 3133, 3587, 3832 
expressiveness in 
Hoare’s logic, 769 
program logics. 541 
expressiveness of 
a query language, 3630 
FIL, 3 195 
finite set languages, 2921 
interactive models, 3690 
languages, 3.530 
name-passing calculi, 3277 
programming logics, 3583 
query languages, 1633 
SDPDL, 54 I 
there-calculus, 3277 
expressiveness. 3381 
reasoning about -, 508 
study of -, 732 
expressivity of a model, 3009 
EXPSPACE, 157 1,3073 
EXPTIME, 1422, 1844.2398 
complete, 1115 
complete sets, 748 




EXRUD(A) class of languages, 140 
extended 
abstract data type theory, 1201 
Alexander method, 130.5 
applicative type structures, 2324 
backtracking, 1284 
Cohen-Grossberg model, 3026 
combinator code, 824 
computation tree logic, 3619 
direct branching algorithm, 625 
divisions, 3335 
EOL grammars, 3 128 
free-choice Petri nets, 2193 
free-choice systems. 2193 
instantiation modes, 1305 
join dependencies, 742 
hcalculus, 1725 
extended logic 




low hierarchy, 2554 
Markov reward model, see also EMRM 
ML, 3376 
extended model, 398 
of Shaw’s flow expressions, 398 
extended 
P4-reducible graph, 3423 
P,-sparse graph, 3423 
pushdown automaton, 1803 
regular expressions, 310, 398, 851, 1801 
resolution, 775 
Riemann Hypothesis, 1003 
semantics, 3293 
Skolem arithmetic, 231 
Sokolowski’s condition, 1079 
subclass of - free-choice Petri nets, 2 193 
system structures, 486 
tabled node-replacement graph L-systems, 496 
theories, 2035 
Turing machines, 835 
type theory, 559 
VASS’s, 859 
extending 
a partial parametrization, 1185 
computability, 2182 








a default theory, 3207 
ACP, 727 
combinntory logic, 1797 
dynamic logic, 3 13 1 
Higman’s theorem, 746 
Horn-clause logic, 1422 
Klop’s counterexample, 780 
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models, 3622 
nondeterministic finite automata, 639 
PL, 755 
propositional dynamic logic, 703 
pure type systems, 3374 
states, 645 
extension of the 
h-calculus, conservative -, 3010 
language S-TL, 679 
extension 
procedures, 3295 
predicates with variable -, 272 




choices, sharp bounds for constructive -, 113 
collapse, 1122 
equality, 2200, 2331 
fixed-point semantics, 1697 
functions, computable -, 523 
knowledge base, 2483 
lambda calculi. 3324 
extensional model in Pm, 3574 
for the pure h-calculus, 3043 
extensional models, 1122 
for polymorphism, 1122 
term-generated -, 2880 
extensional 
property, 2902 
semantics, 1697, 2192 
theory of program correctness, 2992 
treatment of dataflow deadlock, 267 
typed h-calculus, 8 10 
type theory, 979, 3348 
extensions, 28, 1559 
faithful1 -, 258 
I-strict continuous -, 2278 
extensions of 
algebras, 258 
braid groups, 1747 
Curry’s system, 589 
DlL languages, 28 
Datalog, 1456 
embeddings, 1804 
goals in SLDNF resolutions, 3050 
PDlL languages, 28 
PD2L languages, 28 
Petri nets, 478 
typed lambda calculi, 1312 







external file organization, 648 
systematic data structure for -, 648 
external functions, 2112 




mobility mechanisms, 3277 
external path length, 1280 
of a search tree, 2936 
viewpoint, 2085, 2086 
external trace preorder relation, 2633 
externally deterministic, 1499 
extra links, adding -, 2443 
extracting 
parallelism from programs, 1372 
programs from constructive proofs, 1341 
extraction, 2275,2331,2536, 2573, 2688 
coefficient -, 2260 
of programs, 1158 
proof net -, 2573 
subnet -, 2573 
extremal 
algorithmic problems, 793 
automata, 2397 
conditions of codes, 1355 
graph theory, 1520 
properties of codes, 1355 
solutions, 2773 





system -, 2639 
FS type checking, 2639 
divergence of -, 2639 
F,, Church’s simply typed h-calculus, 2153 
F’,, inductive types, 2153 
Fabre, Blanchard and -, 3494 
faces, total number of -, 2653 
facilitating efficient bottom-up evaluation, 2682 
facility location, 3504 
factor, 1514, 1767 
automata, 1715 
of a word, 808, 1143, 1767 
algebras, iterative -, 568 
largest prime -, 71 
left -, 114 
factor order. 2245 
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MBbius function of -, 2245 distinguishing -. 2056 
factor large -, 202 1 
ordering, 2245 factors of 
pumping conditions, 1097 a finite language, 1143 
set of a word, 3695 all 2-paperfolding sequences, 2948 
size. 2021 Dyck words, 3 139 
transducer of a word, 876 infimte words, 1659 
factorial language, I266 Motzkin words. 3 139 
factoring, 1.527, 2083. 2295, 2750 factors of Sturmian 
a large number, 332 sequences, 1346, 3 165 
algorithm, 475 words. 1532 
hardness of -, 475 factors of 
multivariate Integral polynomials, 667 the Flbonacci sequence, 3 165 
of integers, 475 words. 1711. 3180 
polynomials. 1003 factors 
property, 2750 rational set of -, 860 
factorisable polynomial vector fields, 3120 thin -, 2517 
factorization, 176. 809, 1187, 1669 two-dimensional -, 2517 
algorithm, 71 factual sentence. 164 
codes, 705 Fagin 
conjecture, Schiitzenberger’s -, 3164 Ajtat and -, 3218 
conjecture of Schiitzenberger, 705 
factorization forests, 1356, 2677 
implicational dependencies of -, 360 
failed derivations. 2679 
constructing -, 1356 failure 
of finite height, 1356 equivalence. 700. 1499, 2373 
Ramseyan -. 1356 finite -, 892 
factorization of codes, 705 freedom of -, 556 
factorization of integral function automaton, 2487 
coefficient polynomials, 15 functions, 2487 
polynomials, 667 hypothesis, 2439 
factorization of negation as -, 1237, 1337 
multivariate polynomials over a finite field, 3595 prone environment, 363 1 
numbers, 1573 rate. 2388 
factorization of polynomials rule, 1237, 2098 
algorithm for. 667 tests. 2388 
in a fixed number of variables, 667 tree, 1796 
with integer coefficients, 15 
factorization 
failure-equivalence, 1482 
failures. 2010, 2102. 2175, 2388, 2457 
over finite fields, 3546 fair 
prime -, 809 abstraction rule, 984 
theorem. 956 
unique -, 3419 
asynchronous communicating processes, 
factorization& 1303, 1315, 1369, 2242. 2551 
algebraic theory of -, 963 
asynchrony. 734 
factorizations of behaviour, 3620 
finite cyclic groups, 3164 bisimilarity. 3298 
fix helps, 1315 channel in CSP, 10.51 
free monoids, 1369 chaotic iterations, 582 
polynomials, 3311 
facrorizations. zigzag -, 2242 
communicating merge, 1128 
computations. 1795. I829 
factorizing computation sequence, 12 13 
strings, 1530 fair distribution of letters, 653 
words, 2416 
factors. 1572, 2079, 2082, 2103, 2245, 2437, 2454. 
languages with -. 653 
fair 
2465,2517.2525,2599,2604,2613,2671, executions. 2636 
2723 execution sequences, 2636 
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implementations of processes, 1128 
infinite behavior, 2099 
fair merge, 381, 880, 1434 
constructs, 2643 
functions, 1434 
fair nondeterminism, 2152 
fair nontermination problem, 1216, 1492, 1547 
for conflict-free Petri nets, 1216 
fair 
occurrence sequence, 1388 
Petri nets, 2583 
scheduling, 269 
search rule, 1409 
selection, nested -, 645 
fair semantics, 1127 
of programs, 3439 
with invisible enabledness, 3439 
fair SLD resolution, 582 
fair SLD-trees, 1548 
fair termination, 645, 1115, 1260 
problem, 1115 
proof of -, 1260 
rule, 2152 
fairness, 556, 734, 750, 1043, 1051, 1128, 1216, 
1492, 1547, 1795, 1829,2033,2099,2748, 
3064.3298.3391 
assumptions, 111.5, 2099, 3527 
constructs, 2643 
definitions, 1795 
abstract -, 3439 
definitions of -, 1216, 2748 
fairness in 
morphisms of transition systems, 1128 
multi-agent systems, 3391 
the semantics of programming logic, 582 
fairness of 
a program execution, 3439 
random algorithms, 2920 
fairness, strong extreme -, 2152 
faithful 
computational model of the real numbers, 2995 
extension, 258 
rational transductions, 670 
faithful1 embedding, 1122 
false, 2066, 2222, 2296, 2575 
FAM (finite automaton with multiplication), 40 
families 
FD -, 772 
large -, 2784 
learnable -, 2666 
families of 
bi-infite word languages, 1614 
categories, 1700 
families of context-free 
grammars, 73 1 
languages, 188 
families of 
DPDA’s, 67 1 
hyperplanes, 3014 
languages, 28,41, 214,217,225, 334, 390,441. 
670 
families of languages, 
large -, 861 
properties of -, 214, 217 
families of 
nodes in a tree, 86 





families of strict deterministic languages, 219 
iteration theorems for -, 219 
families of subsets, 61 
families 
polyomino -, 2764 
unambiguous circuit -, 2090 
family of 
context-free languages, 758 
cross dependencies, 676 
identifiers, 1143 
family of languages, 1634 
TISP(T(n), S(n)), 225 
family of transformations, 1139 
family trees, 1156 
fan-in, 1465, 1594, 1736, 2181, 3222 
2 circuits, 1594 
Boolean circuits, 3039 
unbounded -, 715 
fan-out rewriting, 882 
fans of polynomial ideals, 3599 
Farach and Amir, 2487 
Farey 
correspondence, 35 11 
monoid, 35 11 
series, 35 11 
tree, 3304, 3511 
Farinas de1 Cerro and Penttonen, 2447 
Farmer, 2245 
fast algorithm for systems of linear inequalities, 210 
fast algorithms 
for the characteristic polynomial, 719 
for unique decipherability, 2543 
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decomposition method, 764 
detection of polyhedral intersection, 547 
finite Fourier transform, 106 
Fourier transform method, 262 
geometric approximation techniques, 2076 
fast heuristics, 3 12.5 
for sytems of linear inequalities, 210 
fast memory, 3465 
fast numerical algorithm, 856 
fast parallel language recognition, 821 
by cellular automata, 821 




quantifier elimination, 781 
recognition, 2239, 2366 
scan-line algorithm, 2766 
simplification algorithm, 196 
stable sorting algorithm, 11, 58 
turnaround, 2466 
fastest program, 125, 1176 






tolerance, 1484, 2283, 2438 
fault tolerant, 2438 
distributed systems, 2439 
fault-prone machine, 3127 
faults, 2439, 2440, 2443, 2732 
occurrence of -, 2439 
presence of -, 2443 
tolerating -, 2443 
fault-tolerance, 3582 
fault-tolerant, 2283, 2438 
architecture, 2443 
mesh architecture, 2443 
processes, 2440 
faulty EREW PRAM, 3127 
faulty processes, 2440 
hierarchy of -, 2440 
favorable input, 2068 
FBDDs, 2723 
f-complete type assignments, 878 
F-completeness, 878 
FCP (finite containment problem), 839 







and MVD’s, relation schemes with -, 674 
as constraints, 674 
minimum system of -, 506 
FE rule in F-semantics, 2445 
feasibility problems, 2262 
feasible 




F-easy subset, 1049 
feature 
aspects, 1312 
constraint system, 2336 
feature descriptions, 2749 
quantified -, 2749 
feature 
graphs, 2749 
structures, 3683, 3806 
trees, 2336, 2749, 3368 
tree structure, 2336 
features, 2336, 2749 
competitiveness -, 2470 
feedback, 1062, 1063, 1213, 1825 
operation, 1213 
theory, 1856 
vertex set. 2664 
vertex set problem, 1045 
Feferman, 3583 
and Maclane. 2 I55 
Fellows et al.. 3467 
Fernau, 2614 
Ferreira. Cosnard and -, 3725 
Ferrers diagrams, 18 12 
Few, complexity class, 3541 
fewest possible number of nonterminals, grammars 
with -, 373 
fewness, 2025 
Feys, Curry and -, 44, 1204 
f-factor, 1370 
f-factors of point sets, 1250 
FFT (fast Fourier transform), 1110 
algorithm, 1110 
graph, 133 1 
method. Fast Fourier transform method, 262 
FGLM conversion method, 3600 
F-Horn formulas, 3556 
FI rule in F-semantics, 2445 




Fibonacci numbers, 1206 
algorithms for finding -, 1206 
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Fibonacci number-system. 2983 
Fibonacci searches, 577 
generalized -, 577 
Fibonacci 
sequence, 3 165 
string, 3344 
word, 1144, 1180 
words, 2599 
fibrations, 2095, 2586 
theory of -, 2586 
tibred category, 973 
Fich, 714 
field, 1198, 1813 
arithmetic operations, 2165 
extension, 1578 
field of 
characteristic zero, 1163, 3596 
constants, 3233 
real numbers, 3355 
fields, 227,280,2092,2123,2165,2613 
fields 
algebraically closed -, 501 
closed -, 2529 
finite -, 4.57 
of characteristic zero, 1578 




channels, unboundedness of -, 2179 
first-in-first-out, 236, 2959 
FIFO nets, 688, 2179 
monogeneous -, 688 
subclasses of -, 688 
FIFO networks, 859 
tapes, 1595 
FIFO-queues, 2187 
fifth normal form, 3586 
FIL (future interval logic), 3195 
filamentous organisms, 28 
file 
design for retrieval, 96 
organization, 3263 
organization, design of -, 61 
filling domain, 2766 
filter, 1074 
domains, 23 16 




filtration technique, 3693 
final algebra, 1854, 2154 
semantics, 548, 696, 2154 
final 
algebras, 1854 
hypothesis, 243 1 




final topology, 738 
of a representation, 738 
final values, 1407 
finality, 1854 
FIND, Hoare’s program -, 328 
finding 
blocking probabilities, 2384 
common subtrees, 2119 
complexity of -, 2734 
design errors, 2033 
errors, 2033 
Fibonacci numbers, algorithms for -, 1206 
finding maxima, 2765 
approximability of -, 2765 
finding minimal objects, 712 
finding minimum-length generator sequences, 717 
complexity of -, 7 17 
finding 
repeated patterns, 1641 
sequences consistent, 2734 
square roots module a prime, 475 
squares, 1641 
fine Classification of 
Muller automata, 1786 
wregular languages, 1786 
fine covers, 1765 
of VAS languages, 1765 
fine hierarchy, 3501 
of regular @languages, 3501 
fine structure, 3501 




algebraic substitution, 1614 
and infinitary languages, 606 
finitary axiomatization, 3242 
of observational equality, 3242 
finitary 
constructs for program transformations, 256 
formal language, 679 
finitary implicit operations, 2208 
subclass of -, 2208 
finitary 
languages, 3513 
modal logic, 2986 
operations, 546 
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languages, bilimits of -, 659 
tinitary 
Scott-domain, 3 132 
signature, 3489 
universal algebra, 510 
finite, 3387 
Abelian groups, 1044 
acceptance of infinite words, 3209 
acceptors, nondeterministic -, 468 
accuracy semantics, 3250 
finite acyclic process graphs, 727 
for ACP, ,727 
finite algebra, 7 I2 
ideals in a -, 7 I2 
finite 
algebraic systems, 447 
alphabetic information, 2176 
alphabets, 2342, 2557, 2704 
and infinite behaviors, 1051 
approximation by enrichment, 3434 
approximations, 1034 
arity, 2647 
array language, 498 
arrays, increasing sequences of -, 498 
finite automata, 40, 105, 138, 190, 194, 201, 283, 
616, 639, 713, 718, 736,745, 767, 784, 825, 
859,905,917,942, 1155, 1222, 1227, 1254, 




2-D alternating -, 2393 
finite automata, acceptance 
by -1476 
of m-languages by deterministic -, 570 
finite automata, alternating 
multihead -, 2511 
two-way -. 2511 
finite automata, 
deterministic -. 3123 
factors of -, 2525 
generalization of -, 283 
generalizations of -, 745 
infinite behaviors of -. 616 
multihead -, 194, 284 
networks, 944 
non-deterministic -, 3123 
on infinite trees, 3844 
one-way simple multihead -, 540 
over semirings, 1653 
recognizability of prefix codes by -, 571 
finite automata, synchronized -, 2213 
alternating -, 2124, 2511 
finite automata, two-dimensional -, 507 
alternating -. 2393, 2696 
finite automata, two-way -, 2242 
deterministic -, 2213 
multihead -. 220 
synchronized -, 22 13 
finite automata with 
distance functions, 1353, 1513 
multiplication, 40 
finite automaton constructions. 3 123 
finite behaviors. 616. II23 
finite behaviour, 2390. 3203 
matrix, 1653 
finite bifix code, 2736 
finite biprefix 
code, 433,571 
sets of paths in a graph, 1105 
finite 
bounded depth. formulas of -, 679 
bounded-degree networks, 1692 
branching automata, 214, 217 
finite canonical 
presentation, 2486 
string-rewriting systems, 1274 
system. equivalent -. 697 
finite Church-Rosser 
reduction systems, 728 
system, 484 
Thue systems, power of -. 654 
finite 
circular codes, 1296 
codes, 1355, 1574 
finite codes with 
finite deciphering delay, 1296 
unique splitting, 1296 
finite complete 
2-level rewriting systems, 787 
bipreftx codes, 243 
replacement systems, 1385 
finite complete rewriting 
system, 634, 787 
systems, 906, 2752 
finite complete set, 2160 
finite computation sequences, 1213, 2804 
equivalence classes of -, 1213 
finite configurations, 298, 2559, 2779 
extending, 2770 
finite congruence, 779 
finite constants, 1501 
finite containment problem, 628, 839 
for Petri nets, 839 
finite 
150 Subject tndex Volumes I-2001 Theoretical Computer Science 213/214 (1999) 5436 
control fragment of then-calculus, 3526 
cover, 1618 
cyclic groups, factorizations of -, 3164 
DOL languages. 442,466 
data types, 2372 
definability of queues, 3459 
degree, 2069 
delay operator, 3298 
depth, trees of -, 2803 
derivation type, 2486, 3700 
developments, 232 1 
difference calculus, 1107 
differences, 2714 
differencing, 3343 
discrete neural networks, 2542 
divergence, 2624 
domains, 73 
finite element analysis, 3603 
environment, 3603 
finite elementary codes, 2109 
groups of -, 2109 
finite 
elements, 2588 
equational specification, 1591 
equivalence relations, 907 
event structures, 2338 
factors of infinite words, 3180 
finite failure, 582, 892 
definition of -, 582 
rule, 1548 
set, 1409, 1608 
finite 
failures, 1409, 2061 
field, 1753,3400, 3595 
finite fields, 457, 1003, 1578, 1736, 2123, 2165, 
2700,3546 
hyperplanes over -, 3014 
multiplication in -, 457 
multivariate polynomials over -, 2999 
primitive roots in -, 3105 
sparse polynomials over -, 3103 
finite 
frames, 3333 
full trace automata, 3832 
games, 2359 
games, winning strategies of -, 2359 
graph languages, 982 
graphs, 135,2069,2605,3086 
group, 106, 142, 1265 
groups, 1667 
height, 1356, 2677 
finite height factorization, 
forest of -, 1356 
forests of -, 1356 
finite 
hidden enrichment specification, 1268 
hypergraphs, 3086 
identification, 2608, 2609 
finite image, 1325 
transductions of -, 1325 
finite index, subgroup of -, 623 
finite injury 
priority arguments, 502 
proof, 1398 
finite 





Kripke structures, 1123 
finite labelled 
transition systems, 1829, 2482 
trees, 510 
finite 
labelling problem, 2338 
language, 2547 
finite languages, 142, 190, 299, 375, 1254, 1 
1432, 1658 
context-free complexity of -, 567 




left simple semigroups, 1836 
local codes, 1296 
manipulation of infinite sets, 3252 
many-sorted signature, 1854 
finite mathematical structures, 2222 
logical properties of -, 2222 
finite 
mathematics, 444 
maximal codes, 705, 1187 
finite maximal prefix, 1080 
sets of words, 1080 
finite memory, 1572 




models, 2377, 2548 
monadic Church-Rosser systems, 504 
finite monadic Church-Rosser Thue 
system, 389 
systems, 654, 1300 
finite monadic 
string-rewriting systems, 2180 
systems, 2 180 
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finite 
monoid, 142,630, 1214, 1667 
monoids, 1430, 1582, 1822,2540,3497 
morphic refinement, 2704 
mpresentation, 768 
multisets. 2108 
name spaces, 3526 




nondeterministic automaton, 932 
non-monadic Church-Rosser Thue systems, 654, 
1242 
finite observations, 961 
of Hoare et al, 961 
finite 
Wcomplete enrichment, 843 
operational semantics, 1548 
order, 2173 
parallel generating system, 1561 
partition, 2567, 2704 
partizan combinatorial games, 1696 
Petri nets, 2373 
finite power property 
for context-free languages, 3 12 
decidability of the -, 3 12 
finite prefix code, 142, 630 
finite prefix codes, 2108, 2550 
monoid of -, 2108 
finite presentations, 2486 
of monoids and groups, 1274 
finite 
process, 2102 
reachability theorem, 3526 
recursive specifications, 1544 
relational structures, 3799 
representation, 2645 
right simple semigroups, 1836 
samples, 2459 
semantics, 1826 
finite semigroup, 832, 1356 
varieties, 3497 
finite semigroups, 100, 233, 1836, 3497 
of matrices, 100 
finite semilattices, 233 
finite semi-Thue systems, 865, 923, 1344 
decision problems on -, 1344 
with decidable word problem, 865 
finite sequences, 2033, 2353 
Of recursive functions, learning -, 1255 
finite sets 
category of -, 3444 
large -, 628 
monoids of -, 2108 
finite 
signature extension, 1854 
simple semigroups, 1836 
solvable groups, 997 
stable trace automata, 3832 
finite state asynchronous cellular automata. 2505 
finite state automata, 227, 472 
guaranteeing viability, 2625 
state minimization of -, 786 
with multiplicities, 227 
finite state cellular automata, 2429 
finite state control, 948 
automata, 2625 
finite state control automata 
choices of -, 2625 
machines, 2012. 2033 
machines, behavior of -, 2033 
finite state machine, 233 
finite state machines, 859 
decomposability of nets into -, 579 
products of -, 3070 
finite state 
pattern matching machines, 497 
transduction, 1184 
transformation of monadic trees, top-down -, 25 
transition system, 2745 
finite 
stationary processes, 3099 
streams of substitutions, 1604 
finite string-rewriting system, 2549 
finite string-rewriting systems, 1274 
module partial commutativity, confluence of -, 
1263 
finite structures, 2002, 2222, 2269 
finite Sturmian words, 3511 
characterization of -, 2599 
finite 
stuttering, 3195, 3196 
subsets, semiring of -, 2408 
finite substitutions, 5. 73, 148, 841, 3448 
on finite domains, 73 
finite symbolic 
transition graphs, 2632 
trees, 2632 





syntactic monoid, 35 13 
test set, 1464 
finite Thue systems, 339, 611, 1652 
undecidability questions for -, 484 
with decidable word problem, 697 
finite 






replacement systems, 1248 
finite 
traces, 2176.2390.3071 
transducer mapping, 1803 
transducers, 909 
transductions, 907, 1184 
transition systems, 2745 
tree automata, 2408 
finite trees, 5 11, 240.5, 2407, 2540, 3086 
recognizable sets of -, 2405 
finite 
T-trivial monoid, 3413 
turn pushdown machines, 70 
finjte type, 2258, 2341 
subshifts, 1296 
theory, 1859 
finite union of 
congruence classes, 728 
synchronous products of recognizabie langu 
947 
universal languages, 1667 
finite unions, 2033 
finite valued 
finite transducers, 909 
transducers, 909 





vector addition systems, 891 
finite visit 
automata, 123 
checking automata, 123 
one-way - automata, 123 
finite word, 2405 
synchronized rational relations of -, 2106 
finite worst case guarantee, 2465 
finite-automaton aperiodicity, 1643 
finite-branching trees, 963 
finite-delay property, global -, 486 
finite-dimensional matrix generator, 2389 
finite-element code, 3603 
finite-field arithmetic, 2165 
operations, 2165 
operations, computational power of -, 2165 
finitely ambiguous, 1657 




finitely branching, 703 
condition, 1782 
finitely 
coloured graphs, 3844 
completable code, 3568 
detined graph languages, 613 
finitely generated, 1588 
Abelian groups, 865 
biolanguages, 1588 
commutative monoid, 902 
congruences, 1344 
finitely generated free 
algebras, 1854 
monoid, 819, 841 
finitely generated F-semigroups, 35 12 
finitely generated group, 3 163 







sofic systems, 1234 
submonoid, 768, 1383 
word semigroup, 657 
finitely 
observable structures, 1782 
presentable recursive monoid, 787 
presented structures, 2879 
recursively definable, 984 
finitely representable, 3252 
group, 229 
finitely specifiable ID family, 772 
finitely typed, 1723 
functional programs, 1723 
recursive procedures, 1723 
finitely-generated free monoid, 2567 
finitely-generated submonoid, 2567 




finiteness, 60, 198, 1807, 2704 
condition, 2486 




congruence quotients, 1097 
intersection for HDOL sequences, 198 
Kleen semigroups, 1583 
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semigroups, Restivo’s condition for -, 886 
finiteness problems, 2558 
finiteness question for recursively enumerable sets, 6 
FINITEREVERSAL, class of languages, 123 
finite-state automata, 2107, 2134, 2557 




finite-state machines, 1567, 1589, 2552, 2745 
communicating -, 2179 
interconnected networks of -, 128 I 
model of -, 2552 
networks of -. 1281 
of a language, 1567 
finite-state 
observational congruence of -, 2645 




systems, 24 10 
transducers, 1589 
tree transducer, 2072, see nlso FST 
finite-trace monoids. 2299 
fjnite-turn 
counter, 505 
nondeterministic counter automaton, 505 
finite-valued 
distance automata, 2552 
graphs, 2006 
finite-valuedness, 2072 
FINITEVISIT, class of languages, 123 
finitistic 
axiomatization, 1046 
proof system, 1098 
Finkel and Gelenbe, 2075 
tireability property of nets, 579 
firing, 2583, 2605 
in a net, 872 
mob problem, 1692 
sequence. 53 1 
firing sequences, 56,81, 872, 1202, 1336 
of Petri nets, 1202 
firing squad synchronization problem, 138, 287, 410, 
975, 1692, 2003, 2429, 3219, 3286, see also 
FSSP 
for graphs, 287 
for polyautomata networks, 138 
firing 
states, finite number of -, 3219 
transitions, 1730 
first- and second-order logics, 60 
first order 
algebraic differential equations, 3590 
axiomatization of the theory of iteration, 3442 
continuous functions, 3436 
definable properties, 1314 
first order dynamic 
language, 366 
logic, Pratt’s -, 4 14 
first order 
formula in algebra, 327 
formulas, sets definable by -, 501 
first order logic. 1387, 1483, 3630 
for partial functions, 1387 
of effects, 3583 
proof methods, 1483 
first order 
nonclassical logic, 361 
predicate calculus, 3502 
query, 1457 
structure, 13 14 
theorems, 2763 
theories, 378 
theories, decision problem of -, 483 
first order theory, 769 
of equality, 50 





first-level nodes, 1225 
first-order 
algebraic rewriting, 3204 
approximation of algorithmic theories. 950 
arithmetic, 2153 
arithmetical formula, 3538 
assertions, before-after -, 358 
assertion language. 562 
case, 2450 
constraint language. 3327 
contexts, 2 153 
data structures, 1741 
first-order definable, 3365 
in the presence of arithmetic, 3365 
real trace languages, 307 1 
first-order differential equations, solution of -, 2712 
first-order 
dynamic logic, 703 
equational theory, 2642 
format, 2321 
first-order formulae. 2683 
quantified -. 2749 
first-order 
formulas, 509. 570, 1117, 2329 
framework of abstract data types, 3374 
functional language, 2744 
functions, 1844 
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inductive theory, 1036 
infinitary logic, 3622 
language, 950,3332 
languages, 509,2175,2225,2317,2636 
lazy functional languages, 2270 
first-order linear 
differential systems, 3593 
logic, 2574, 3580 
first-order linear-time temporal logic, 3049 
first-order logic, 823, 1057,2155,2156,2222,2407, 
2479,2785,2791,3054,3242,3270 
completeness-and -, 2187 
expressive power of -, 703, 2407 
formulae, 1797 
formulas, 2534 
Horn formulas in -, 823 
interpretation theorem of -, 414 
LOGSPACE extension of -, 2791 
many-sorted -, 562 
programming, 1252 
specifications, 2329 







model theory, 509 
monadic logic, 3561 








logic, 60,2647, 3587 
first-order 
programs, 2060 
properties of specifications, 3375 
quantification, 3186 
queries, 2790.2192.3365 






specification language, 358 
first-order specifications, 3524 
complete -, 358 
first-order spectra, 3053 
first-order structures, 1782, 3803 
definability by programs in -, 509 
first-order temporal logic, 931, 1046, 1098, 1367, 
3048.3049 
incompleteness results for -, 1367 
language, 1367 
semantic consequence relation in -, 931 
first-order temporal 
logics, 1495, 1761 
logic with until, 1098 
first-order 
term rewriting systems, 3386 
terms, 2749,355 1 
tests, 509 
theories, 3242 
first-order theory, 950, 1348, 2060, 2080,2107, 2268, 
2414,3249 
classical -, 1367 
F-f’, 2336,2749 
first-order theory of 
composition, 1348 
lexicographic path orderings, 3249 
natural numbers, 1077 
permutations, 822 
first-order theory, translation of a -, 950 
first-order 
typable k-terms, 2041 
type dependency, 2340 
types, 2008 
Fischer 
and Rabin, 378 
Peterson and -, 668 
Seiferas, - and Meyer, 532 
Fisher and Kasteleyn, Pfaffian technique of -, 262 
fitness 
function, 3839 
scaling methods, 3839 
selection, 3839 
fitness-rank dependence, 3839 
fitness-scaled genetic algorithms, 3839 
Fitting and Kunen, 3341 
Fitting’s 
extension of logic programming to bilattices, 
3328,3329 
theory, 1458 
Fix et al., 2481 
&x)recursive hierarchy -, 2400 
FfX logical system, 2594 
fixed 
alphabets, 2416 
and undetermined universes, 207 
arity constructors, 2336 
bound on the cardinality of set values, 2790 
class of data abstractions. 358 
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degree separations, 3205 
directed subgraph homeomorphism problem, 209 
tinite universe, completeness relative a -, 207 
graph, subgraph homeomorphism problem for a 
-, 152 
fixed number of 
parallel processes, 1137 
program variables, 352 
sortings, 2726 
variables, factorization for polynomials in a -, 
661 
fixed pattern graph, subgraph homeomorphism 
problem for a -, 752 
fixed point, 1144, 1427, 1798 
calculi of Milner and Hoare, 1619 
characterization, 3575 
characterizations, 519 
combinator, 589, 1315 
combinators, 1315, 1630 
fixed point equations, 1619 
in inverse limits, 1619 
fixed point 
equivalence relations, 1686 
for inclusion, greatest -, 234 





operation over a category, 3694 
operator, 3502 
operator, least -, 849 
operators, 3575 
properties, 490. 1630 
fixed point property, 
least -, 258 
unique -, 258 
fixed point semantics, 246, 1741 
for deterministic data flow, 1697 
categorical -, 1315 
fixed point 
solutions, 258, 3442 
theorem, 1408. 3445 
theorem, Tarski’s -, 3023 
fixed point theorems 
for context-sensitive languages, 390 
in Cartesian closed categories, 1315 
fixed points, 875, 982, 1144, 1162, 1193, 1195, 1299, 
1315, 1450, 1719,2630,3450 
in free process algebras, 1193, 1320 
existence of -, 2630 
least -, 258, 338 
fixed points of continuous predicate transformers, 
384 
least -. 384 
fixed points of 
contractions, 1427 
functors, 1195 
monotone operators, 2986 
fixed points 
unique -, 258 




singular points. 3592 
size, 2157 
start. 2465 
tasks in task assignment problems, 362 
transceiver, 3539 
fixed-degree algebraic decision tree, 2665 
fixed-parameter 
problems, 2664 
reductions, 35 18 
tractability, 2664 
tractability, termed -, 2757 
tractable, 2757 
fixedpoint, 482 
access method, 12 1 
fixed-point algorithm, 3368 
fixed-point characterization 
theorems, 390 
least -, 1293 
fixedpoint constructions, 153 
in order-enriched categories, 153 
of Scott, 153 
fixedpoint equations, 568 
fixed-point generation, 1224 
fixed-point, least -. 390, 482, 759 
fixed-point 
operations on CCC’s, 2950 
operator, 1299, 2325 
operator, least -, 1299 
operation. equational properties of the -, 2950 
tixedpoint 
operators. 4 I6 
operators, h-calculus with -, 416 
properties, 482 
prOpe!ty for@-continuous functions. least -, 482 
fixed-point queries, 1590 
on binary trees, 1590 
fixed-point semantics, 1697 
least -, 759, 882 
of KBL’s operational semantics, 882 
optimal -, 759 
fixed-point solutions, 882 
least -, 882 
fixed-point theorem, 2751 
Ginsburg-Rice-Schiitzenberger -, 390 
fixedpoint theorems, 482 
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fixed-point theory, 880 
fixedpoints, 121 
greatest -, 871 
least -, 121 
of recursive definitions, 121 
optimal -, 759 
FIX-logic, 2594 
fixpoint, 1409, 1410, 1414, 1434, 1456,3022 






equations, 211, 1192 
expressions, 343 1 
formula, 1665 
functional equation, 1192 
induction, 1629, 1665, 2378 
logic, 2479, 2791, 3630 
logic, PTIME extension of -, 2791 
nesting, 343 1 
operator, 552, 3530 
operator, least -, 552 
fixpoint semantics, 1607, 1760, 2034, 2061, 2327, 
2533.3050 





transformations, correctness of -, 2448 
fixpoints, 899, 1665, 1841, 2209, 2227, 2276, 2625, 
2792,3324 
inconsistencies caused by -, 1371 
inconsistency of - with coproducts, 1371 
fixpoints of functions, 191 
existence of -, 191 
iixpoints of 
substitutions, 1841 
unispectral morphisms, 883 
FL (language of finitely typed functional programs), 
1723.2087 
FL program, 1723 
FLA (functional LAA), 2647 
Flajolet, 379, 1852 
and Steyaert, 379 
et al., 3141 
flame front, 3604 
flat 
algebra, 1633 
coherence spaces, 1603 
databases, 1633 
domains, 2278 
dynamic Prolog, 2277 
form, 2295 
GHC, 1410 




relational databases, 3387 





flattening, 1120, 2295 
flatwords, 3033 
flexibility, 2065, 2278 
flexible 
hierarchic development methods, 966 
queries in relational databases, 3335 
software assembly, 3686 
Fliess, 1475, 1476 
Fliess’ power series, 1474 
flip networks, 938 
floating molecules, 1781 
floating point 
numbers, 3 141 
operations in computer graphics, 2981 
floating-point adder, 3737 
floating-point addition, 3737 
algorithm, 3737 
floating-point arithmetic, 3194 
floating-point operation, 3737 
floor operator, 2806 
on rationals, 2845 
floor-like operator, 2806, 284.5 
floundering, 1237 





modelling loops in -, 510 
semantics of -, 3 18 
flow 
diagrams, 3 14 
equivalence, 307 
diagram programs, recursive -, 3 14 
flow expressions, 294, 310 
decision problems for -, 310 
extended model of Shaw’s -, 398 
restricted class of -, 3 10 
Shaw’s -, 398 
flow graphs, 2055 
flow languages, 310 
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to Petri net languages, 3 10 
flOW 
of program control, 307 
problem, 142 1 
flowchart 
algorithms, 1195 
programmable partial functions, 1314 
flowchart programs, 1314 
definability by -, 509 
with recursive procedures, 276, 279 
nondeterministic -, 276, 279 
flowchart schemes, 171,546, 1015, 1825 
algebraic properties of structured -, 192 
flowchart schemes, graph theoretic 
characterizations of structured -, 192 
properties of -, 192 
flowchart schemes, semantics of -, 546 
flowchart theories, 1015 
flowcharts, 806 
algebra of -, 3 18 
category of -, 3 18 
classification and reconstruction of -, 710 
infinite pure -. 276 
flow-diagrams with arrays, 1136 
flowgraph, 17 I 
flowgraph equations, 873 
continuation semantics for -, 873 
language for expressing recursive systems of 
873 
flowgraphs, 710, 873 
flow-shop problems, 3669 
Floyd, 78 
proofs, 698 
Knuth and -, 256 
Floyd-Hoare 
dertvability, 337 
invariant assertion method, 248 
Floyd-Hoare logic, 1258, 1314 
characterization of -, 1258 
Floyd-Hoare logic in 
iteration theories, 1314 
nonstandard logics of programs, 1258 
Floyd-Hoare method, 361 
Floyd’s 
algorithm, 7 14 
method, 366 
method, completeness of -, 698 
principle, 358 
Floyd’s well-founded sets method, 248 
for termination, 248 
Ftilop, 2937 
and Vagviilgyi, 2937 
F-models, 2445 
FO, 2785 
Foata, Cattier and -, 1514, 1718 
focus, 2275,2655,2656 
Fokkinga and Paterson, Meijer, -, 3319 
fold, 2637, 33 19 
fold composition, 83 I 
of total deterministic macro tree transducers by 
recursive pushdown machines, 83 1 
folding, 829 
predicate -, 3341 
rule, 2060 
transformation. 3620 
folk theorems, 1774 
in parallel computation, 1774 
folklore theorems, 1371 
F,1294 
Fr,, (warder polymorphic Lcalculus), 1664 
fooling 
a two way automaton, 422 
set method for complexity lower bounds, 3264 
forbidden 
configurations, 1029 
induced subgraphs, 3294 
forbidden minor characterization, 1291 
Robertson and Seymour -, 1291 
forbidden 
pairs, 2726 




forbidding conditions, 804 
force player, 2 I 17 
forcing, 1070 
domain of a Boolean network, 798 
terms. 1475 
Ford and Fulkerson, 2780 
Ford-Fulkerson 
Maxflow problem of -, 426 
maximum flow procedure, 2780 
procedure, 2780 
Ford-Johnson-sorting, 286 




proof -, 2534 
stochastic -. 2949 
forests. 354, 379. 1431, 1586, 2394, 2799, 3234, 
3806 
factorization -, 1356, 2677 
forgetful 
determinacy theorem of Gurevitch and 
Harrington, 1802 
functor, 2038, 2879 
functors, left adjoints to -, 733 
forging signatures, 332 
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fork algebras, 3499 
forks, control structures with -, 799 
fork-statement, 3692 
form, 1319 
pnormal -, 2097 
closed normal -, 2314 
conjunctive normal -, 2611 
disjunctive -, 2537 
form equivalence for context-free forms, 
undecidability of -, 635 
form equivalence of 
L-forms, 88 
PDOL forms, 122 
form equivalence 
problem, 635 
undecidability of -, 635 
form 
equivalent, 122 
flat -, 2295 
infinite grammar -, 2164 
position restricted -, 349 
S-m-n -, 2352 




calculus of operations, 612 
construction methods, 270 
computation trees, modified -, 592 
formal correctness 
argument for bitonic sorting, 898 
of a parser, 3804 
formal criteria for completeness, 1374 
formal deductibility, 1628 
formal definition of 
dependencies, 101 
the EML language, 3376 
formal derivative, 2247 
formal description of parsers, 3804 
formal designs, 1438 
of languages, 1438 
formal 
development of modular standard ML, 3376 
equality rule, 1628 
equivalence proof, 3356 
expression, 1667 
forms, 531 
foundation for parallelization, 1372 
function, 2247 
grammars, 5 10 
inference system, 1701 
formal language, 32, 196 
finitary -, 679 
operations, 1109 
S-TL, infinitary -, 679 
formal language theory, 5, 114,236,341,693,725, 
731,880,932,1061,1636,1757,1817,2229, 
2410,2419,3109 
framework for -, 725 
perspective of -, 2410 
formal languages, 416, 428, 464, 511, 717, 789, 857, 




algebras of -, 416 
attribute models of -, 1342 
for timers, 3610 
metatheorem for undecidable properties of -, 464 
theory of -, 511, 2233, 2309 
formal 
language-theoretic losure properties, 1650 
manipulation of assertions, 368 
matrices, 18 15 
formal methods, 2133, 2185, 2588, 3208 
for structured programming, 710 
formal model, 1338 
for concurrent computations, 1514 
formal models, 2112, 2130, 2225, 2280 
for communication, 788 
formal 
operational semantics, 2334 
parametric polymorphism, 2312 
formal power series, 447,641, 807, 1469, 1480, 
1481, 1565, 1746, 1809, 1811, 1817,2105, 
2123,2242,2247 
functional composition of -, 2247 
formal power series in 
noncommutative variables, 1475 
noncommuting variables, 641 
formal power series 
on noncommuting variables, 1474 
over semirings, 1809 
N-rational -, 107 
recognizable -, 379 
ring of -, 812 
theory of -, 2105 
formal programming semantics, 2628 
formal proof, 1158 
of correctness, 668 
systems, 1602 
formal proofs, 166, 1307 
of quantified specification, 328 
formal properties, 2077 
of synchronized concurrent expressions, 398 
formal 
pseudo-differential operators, 1471 
reasoning, 1387 
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relationship, 101 
representation of flowchart schemes, 1015 
formal semantics, 995, 2378, 2607 
for priority path, 1394 
of CCP, 3529 
formal sentences, 164 
formal series, 243. 1446, 1471, 1667, 1746 
of trees, 1446 
formal 
software verification, 3587 
solutions of DE’s. 3593 
spaces, 3355 
formal specification, 33 16 
languages, 1666 
formal specifications, 1666, 1750 
formal string language theory, 1135 
formal system, 60, 165, 195, 196, 899, 1372 
for assigning type schemes, 448 
length-bounded elementary -, 2608 
formal systems, 1701 
for join dependencies, 742 
non-recursive shortening of proofs for -, 533 
formal theory, 33. 1559 
of types. 1663 
formal treatment. 97 
of inconsistency, 1290 
formal tree power series, 544 
formal type assignment, 895 
models for -, 895 
formal verification, 2033, 3458 
based on process algebra, 3458 
formalism, 217, 239 
formalism for 
exception handling, 884 
merge, 880 
formalism, p--. 880 
formalism of 
algebraic specification, 1306 
loosely coupled systems, 270 
regular expressions, 767 
symbolic dynamics, 1355 
temporal logic, 269 
formalisms 
for unbounded choice, 1828 
nonmonoconic -, 2797 
nonstandard -, 2188 
formalization of 
constructive mathematics, 1663 
data structures, 372 
denotational semantics, 372 
the Qu-Prolog unification algorithm, 3318 
formalized arguments about programs, 60 
formalizing 
proofs, 1.559 
the semantics of concurrent programs, 269 
formally undecidable propositions, 1559 
formation 
of well-founded trees, 979 
tree, 2635 
formats, tabular -, 2534 
form-equivalence 
of deterministic pure grammar forms, 375 
problem for dP grammar forms, decidability of -. 
375 
forming generalizations, 837 
of concepts, 837 
forms, 1166 
canonical -, 2280 
normal -, 2044,2096,2792 
mnormal -. 2645 
quadratic Boolean -, 2022 
sentential -. 2306 






constant-depth -, 2089 
Mellin-Perron -, 2356 
read-once threshold -, 2089 
versus types. 1312 




atomic -, 2156 
BCK-provable -, 2097 
closed -, 22 16 
CNF-2 -, 598 
complex -, 2359 
cut -, 2301,2452 
decidable classes of -, 598 
existential -. 2297 
first-order -, 2329 
for antipodes, 1384 
Horn -. 2237 
formulas in, 
lower levels, equivalent -., 1288 
prenex normal form, arithmetic hierarchy of -, 
570 
formulas 
interpretations of -, I365 
Krom -, 598 
of finite bounded depth, 679 
PAL -, 2265 
prenec types of -, 956 
propositional -, 2237 
quantified implicational -. 2329 
quantifier-free -, 2107 
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recursive -, 1365 
recursively specified -, 1365 
satisfiable -, 2025 
sets of -, 830 
syntactic properties of -, 637 
tableau method for -, 1219 
unification of -, 4 
unrestricted -, 2447 
unsatisfiable -, 2025, 2237 
with no repeated variable, 1247 
Forsythe, 1312 
Fortenbacher, Clausen and -, 3366 




theorem of -, 530 
Forum, logic programming presentation of linear 
logic. 3248 







forwards conflict, 271 
Forys, 1303 
foundations, 2014, 2155, 2324.2327, 2593, 2608, 
2748.2806 
of mathematics, logic and computer science, 3502 
computational -, 23 15 
four-colour 
problem, characterisation of the -, 3067 
theorem, proof of the -, 3067 
four-colouring planar graphs, 3067 
four-element codes, 782 
Fourier 
analysis, 2529 
expansion, 183, 1817 
series, 2356 
transform, 997, 2711 
transform, fast finite -, 106 
transforms, 1265 
Fourman’s analysis of potentially infinite objects, 
2205 
fourth normal form, 3586 
four-valued logic, 3328 
FPOL languages, 129 
codings of -, 129 
FPCM, free partially commutative monoid, 1391 
FP-like language, 2224 




FPTAS, complexity class, 2925 
fractal 
functions, 1226 
geometry, 2614, 2728 
pattern, 2728 
sets, 2614, 3167 
fractals, 1817, 2235, 2614, 2728 
describable, 2614 
MRFS -, 2614 
self-affine -, 2728 
theory of -, 2614 
fraction ring, 1815 
fractional part, 3175 
of a number, 2983 
fractional power, 1767 
fractions, 1814 
fracture 
edge, 3 145 
graph, 3 145 
path, 3 145 
fragment of 
algorithmic logic, 437 
linear logic, 1301 
predicate logic, 637 
the n-calculus, 3526 
fragmentary complexity, 2769 
fragments of 
logic, characterization of -, 637 
L,, 3622 
multiplicative linear logic, 3257 
second order logic, 3622 
weak combinatory logic, 1630 
fragments, program -, 3027 
frames, 
finite -, 3333 
geometric logic for -, 2989 
modal -, 2986 
observation -, 2989 
framework, 217, 238, 319. 366, 379 
of graph grammar theory, 238 
Francez, 964, 2 152 
Fratqon, 1360, 1731 
Frederickson, 578, 3166, 3267 
Fredholm determinant, 1232 
Fredman, 343, 1249.2030 
free algebra, 841, 1021, 1815 
functor, 3489 
free algebras, 510, 546, 595, 1854, 2322, 2686, 3171, 
3489,3683,3801 
definable functions over -, 2322 
over continuous domains, 3489 
free 
Subject Index Volumes l-2001 Theoretical Computer Science 213/214 (1999) S-436 161 
amalgamated product, 3683 
associative algebra, 1478 
binary decision diagrams, 2723, see nlso FBDD 
Boolean algebra, 215 
free choice nets, 2007 
bounded -, 2017 
free choice 
systems, 2007, 3065 
systems, weighted generalisation of -, 3065 
free commutative 
monoid, 17 18 
monoids. 1002 
free concatenations, 1757 
free constructions, 986, 1442, 2028, 2577, 2587 
free constructions in 
abstract algebraic institutions, 733 









dynamic algebra, 371 
extension, 258 
finite state machines, 233 
functor, 2879 
functors, 733 
group, 229. 1044 
free groups, 623, 693, 3522 
algorithmic problems in -, 623 
classical algorithmic problems in -, 623 
conjugacy problems in -, 636 
decidable problems in -, 623 
Howson property of -, 636 
intersection problem in -, 636 
P-complete problems in -, 623 
free 
higher type algebras, 1859 
inverse monoid, 2355 
iterative theories, 510 
languages, 188 




free model. 2028 
of a theory. 733 
free models, 2880 
in abstract algebraic institutions, 733 
free monadic recursion schemes, 19 
free monoid, 7. 52, 77, 177, 197,264, 273, 329, 348, 
387, 511, 544, 571,588,681,758, 768, 902. 
920, 1044, 1104, 1.514. 1667, 1718, 1807, 
1845,2166,3171, 3519,3795 
combinatorial properties of the -. 7 
dominoes over a -, 387 
finitely generated -, 814, 819, 841 
free monoids, 1061, 1097. 1227, 1354, 1369, 1834. 
2245, 2355. 2390, 2539, 2540, 2546, 255 I. 
2730 
factorizations of -, 1369 
finitely generated -, 466, 588 
morphisms on -, 387 
submonoids of -. 1383 
free noncommutative algebra, 2548 
free objects, 2880 
free of 
crossing cuts, 3101 
deadlock. 2992 
free partially Abelian monoid, 687, 1 I I 1 
free partially commutative 
Lie algebras. Lyndon bases of -, 2255 
monoids, 893, 947, 954, 1002, 1094, 111 I, 1248, 
1384, 1385. 1463, 1611, 1707, 1717. 1718. 
1806, 1838 
free 
procedure names, 1792 
procedures, 1792 
process algebras, 1193, 1320 
free products, 1002 
free products of 




semigroups, 1310, 1356, 3512 
semigroups, homomorphism of -, I3 10 
semimodules, 1653 
separately A-continuous algebras, 546 







type variables, 1487, 3581 
upper regular bands, 33 1 
variables, 63, 1204, 2791, 3341 
free-choice nets, 2761, 3064 
l-safe -, 2761 
modelling power of -, 3064 
freedom of failure. 556 
freeness. 1681. 2113 
Frege 
proof systems, 1177 
systems, 3 I82 
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Freivalds, 3495 
and Chen, 3495 
frequencies of 





of factors in the Fibonacci sequence, 3 165 
Friedberg, theorem of -, 1398 
Friedberg-Muchnik theorem, 1398 
Friedman and Greibach, 3681 
friendly semantics, 1127 
fringe, 2701 
Frisch’s hybrid model, 3587 
frontier 
operation, 1586 
testable tree languages, 3072 
frontier-preserving homomorphic images, 25 
Frot and Millour, Beauzamy, -, 33 11 
F-semantics, 448, 878, 2445 
of types, 878 
F-semigroups, 3512 
F-soundness, 878 
FSSP (firing squad synchronization problem), 138, 
3219,2003 
aIgorithms, one-dimensional time-optimal -, 410 
firing squad synchronization problem, 138, 3219 
FST, (finite state tree transducer), 2072 
FT. constraint system, 2336 
Fr 
constraints of -, 2336 
first-order theory -, 2336, 2749 
FTR-language, 1266 
Fu et al, 3019 
fugitive-search games on graphs, 3390 
Fujino, Kikuchi and -, 796 
fulfillment, degree of -, 3335 
Fulkerson and Ford, 2780 
full abstraction, 1221,2993, 3377 
for the second order subset of ALG, 3268 






classical multiplicative logic, 3257 
coverage, 3070 
currying, 3010 
cut rule, 3134 
domain, 1302 
embedding, 1122 
first-order linear logic, 3580 
hardness, 3420 
hyper (l)-AFL, 99 
implicational dependencies, 1857 
interpretations, 88 
intuitionistic linear logic, 3257 
linear logic, 3580 
matrix equivalence problem, 355 








trace automata, 3832 
trio operations, 1061 
trios, 293 
uniform code, 3633 
full-AFL of context-free languages, 170 
fully abstract, 1499, 3258, 3688 
denotational model, 2993 
for fortification, 3298 
model, 734,963, 1221,3298 
fully abstract model for 
process equivalence, 3298 
the second order subset of the functional language 
PCF, 3268 
fully abstract model, strongly order -, 2993 
fully abstract 
models of typed h-calculi, 75 
semantic models, 3029 
semantics, 75, 109, 830, 1221, 1621, 3310 
fully 
connected systems, 3389 
distributed quorum consensus method, 3582 
dynamic task-tree scheduling, 3482 
ordered group, 1464 
parallel updates, 3220 
recursive types, 3027 
synchronised parallel composition, 2920 
Fun, language -, 2639 






calls, nesting of -, 535 
function classes, 2668 
inference of -, 557 
FLNP log 2668 
function 
coarsest partition problem, 2456 
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counting rooted planar maps, 2243 
decomposition, 2304 




mapping permutations, 2261 
memorization, 2056 
parameters, 1554 
programming, 14 I I 
function shells, 2136 
properties of -, 2136 
function space, 2150, 3132 
objects, 13 19 
of a domain, 539 
type, 1312 
function 
spaces, 110, 191.3202 
strict in an argument, 1065 
function symbols, 626,682,699, 802, 1171, 1367. 
1605,2036,2044,26X5,2686 
absence of -, 2044 
associative-commutative -, 2268 
finite number of -, 2686 
signatures of -, 699 
function 
types. 3374, 3581 
value queries, 2613 
functional, 1299 
abstraction, 3030 
application, 601, 2049 
arguments. 3374 
aspects of domain theory, 1626 
attributes, 2336, 2749 
completeness, 1316, 1321 
complexity, 3296 
composition, 1257, 1803,2247 
computation, 493 
completeness, category-theoretic characterization 
of -, 1321 
completeness theorem, standard -, 2950 
functional dependencies, 369, 400, 450, 495, 529, 
67497729776,823, 1041, ll68,1449, 1511, 
1691,2537,2793,3364 
BCNF set of -. 529 
combinations of -, 369 
generalizations of -, 823 
functional dependencies in 
random databases, 3625 
relational databases, 495 
functional dependencies 
representations of -, 495 
theory of -, 369 
functional dependency families, 772 
projection of -, 772 
functional dependency inference problem, 2793 
functional 
dimension, 2006 
equation, 1192, 1346 
equations, 114, 2363, 2712 
equivalence, 701, 1343 
expansions, 1475 
fixpoint equations, II92 
forms, 2224 
graphs, 2498 
implementations, 2056, 2057 
implementation technique, 2056 
input/output behavior, 1213 
iteration, 1257 
h abstraction algebra, 2363, 2712 
functional language, 842, 1065, 3686 
ML, 2317 
PCF, 3268 
functional languages, 1240, 1308, 1316. 1321, 1363. 
1518, 1725,2744, 3252 
functional languages, 
first-order lazy -, 2270 
imperative variants of -, 1308 
implementation of -, 1240, 1316 
implementations of -, 1240, 2744 
typed -, 2639 
type-free -, 2316 
functional 
level of recursion. 416 






functional programming, 1120. 1125, 1412, 1518, 
1778.2889 
language, 1629, 3435 
languages, 1319, 1554,2148 
system, 1725 
functional 
programs. 1065, 1723,2035,2064, 3276,3343. 
3583 
properties, 938 
rational transductions, I68 
relations, 2243 
programs. equivalence of -, 2064 
functional semantics, 3 17, 399, 1671 






extension of Cutry’s basic -, 559 
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of Curry, 1126 
functionally 
complete, 1321 
oriented programming languages, 1308 
functionals, 35, 1082 
continuous -, 849 
function-free 
clauses, 1304 
first-order programs, 3392 
functions, 1511, 1782 
AC0 -, 2181 
algebra of -, 2647 
arithmetic -, 2356 
between domains, 1626 
Boolean -, 2022,2181,2238,2601,2610,2672, 
2708,2723 
Boolean-valued -, 2610 
bounded objective -, 2765 
cellular automata probability -, 2770 
Collatz type -, 2363 
complexity of -, 739 
composition -, 2302 
composition of -, 211, 2243 
computable -, 1366 
functions computable by 
an R-program, 525 
bounded Turing machines, 525 
finite automata, 3 192 
reversal-bounded multicounter machines, 281 
functions, 
computable process -, 2643 
computation of -, 211.5 
computed by monotone Boolean formulas, 1247 
computing aggregate -+, 2225 
congruential -, 2363 
constant -. 2312 
continuous -, 2008,2150,2151,2182,2278 
convergence of -, 614 
cost -, 2408 
definable by Presburger formulas, 281 
distributively computable, 3188 
differentially algebraic -, 3 189 
evaluation of -, 721 
external -, 2112 
failure -, 2487 
generating -, 2243, 2254, 2259, 2385, 2491, 2713 
hierarchies of -, 583 
identity -, 1312 
indexed families of -, 1312 
iteratively defined -, 766 
lattice-Bessel -, 2389 
logic program with -, 1305 
Mljbius -, 2105.2245 
monotonic -, 2071 
multivalued -, 2405 
natural number -, 2153 
norms of -, 2778 
functions of 
a complex variable, 614 
changeable input size, 164 
natural numbers, 29 
problem size, 57 
higher complexity, synthesis of -, 766 
uniform complexity, class of -, 332 
functions, o-continuous -, 482 
functions on 
real numbers, 419 
words, 3191 
functions, one-way -, 2457 
productive -, 2457 
functions 
ordering -, 2379 
output -, 2072 
over universal algebras, 989 
partial -, 2202 
Pfaffian -, 2523 
pictures of -, 463 
piecewise linear -, 2342 
polylogarithmic -, 2395 
polymorphic -, 2312, 2323 
primitive -, 2224 
programmable -, 1358 
q-Bessel -, 2254 
Ramseyan -, 2677 
rational -, 2560 
real -, 2182, 2523 
recursive -, 2056.2318, 2425,2515,2646, 2744 
reduction -, 2213 
reward -, 2441 
s-l-l -, 2302 
sequences of -, 121 
sequential -, 114,2008 
smooth -, 2778 
span-l -, 2087 
specifications of -, 2580 
stable -, 2150, 2151, 2753 
steady-state probability distribution -, 2385 
symmetric -, 2247 
that are hard to compute, 2945 
time constructability of -, 689 
transition -, 2352 
tree -, 2112 
typed -. 23 15 
uniform continuity of -, 419 
valued -, 2611 
which pass information down a tree, 3317 
functions with 
linear complexity, 10 
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noncomputable time bound, computable -, 138 I Mehlhorn and -, 182 
functions 
witness -. 2742 




functor, 1439, 1487, 1542, 1681, 3581 
category semantics, 2588 
functor-argument structures, 3801 
functorial 
dagger condition, I856 
polymorphism, 1312, 1315, 1351 
relationships, 1830 
functorial semantics, 884, 2577 




functors, 1312, 119.5, 1700, 2095. 2588, 3621 
contracting -, 2751 
implementable -. 2879 
indexed -, 1700 
specifiable -, 2879 
which preserve directed colimits, 2879 
fundamental 
complexity measures, 49 
programming constructs, mathematical 
counterparts of -, 317 
properties of infinite trees, 51 I 
Ftirer, 708 
Furst et al., 2019 
fusion closure, 522 











Kraus, Lehmann, and Magidor, 3440 
Gabbay’s temporal fixed point operator, 2635 
Gabbrielli, 2327 
Gabow and Tarjan, algorithm of -, 2896 
Gaifman, Dahlhaus and -, 3025 
Gale, game of -, 2461 
Galil, 2756 
and Giancarlo, 3399 
Duris and -, 924 
Landau, Yung and -, 1009 
Galil’s system of enumerating dags, 244 
Galil-Seiferas algorithm, 2756 
Gallier, 2417 
Raatz and Snyder, 3295 
results of -. 24 I7 
Gallin, 361 
Gallo, 2237 
Galois connection, 1017. 1511, 2845 
special type of -, 2589 
Galois connections, 2563, 2589, 2806, 3357 
properties of -, 2589 
Galois group, 285 
differential -, 3589 
polynomials with symmetric -, 912 
symmetric -, 9 12 
Gaiois lattice theory. 2537 
Galois theory 
classical -, 280 
Engeler’s generalization of -, 285 
for the tree automorphism problem. 285 
generalized -, 280 
Gambier method, Kowalevskaya and -, 3594 
game 
chip-firing -. 3 183 
crossing set -, 3 101 
drinking glasses, 2117 
game of 
Daisies, 1787 
Go, 329 1 
kriegspiel, 1788 





with the earliest birthday, 3359 
Ulam‘s searching -, 1773 
universal two-person -, 1577 
games. 1262, 1288,2026,2078,2117,2140-2142, 
2169,2216,2289,2360,2378,2461, 2492, 
2512,2605,2775,3359 
Boolean two-person -, 2378 
games, chip -I 2168 
transfer -. 367 I 
games 
coloring -, 2078 
domination -, 2512 
domineering -, 2290, 3091 
games for the p-calculus, 3077 
games. infinite --% 25 I2 
two-person -, 3844 
games 
misere -, 2289 
node-search -. 2617 
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on graphs, 1719,3129,3390 
path-forming -, 2142 
rotating-table -, 2117 
subtraction -, 2775 
two-player -, 2142 
game-theoretic operational semantics, 2378 
game-trees, 1696 
F, call-consistent program -, 2060 
F-controlled T-grammars, 1522 
gamma function, Euler’s -, 183 
F language of Banltre and Le Mttayer, 1781 
F, minimal language, 3687 
yacyclic, 1168 
BCNF database schemes, 1168 
view, 686 
r-recognizable subsets, 1832 
yreducibility, 290, 530 




probabilistic and deterministic LSA’s, 827 
two successive keys, 3521 
gap cost functions, 1769 
gap theorem for 
recognizing regular languages, 1023 
resource bounded computations, 166 
gap theorem, operator -, 3004 
gap-languages, 3490 
Gap-P, 3178 




garbage-theoretic properties, 2478 
Garey and Johnson, 249 
Gargov’s 
data analysis logic with local agreement, 3693 
local agreement condition, 3693 
Ganido, Diks and Lingas, 2706 
Garsia, 1478 










A --, 2022 
of low L, norms, 3492 
comparator -, 2475 
linear number of -, 739 
threshold -, 2089.2181 
gathering possible interpretations, 2154 
Gauss elimination, 78 
Gauss’ lattice reduction algorithm, 3659 
Gaussian distribution, 2491 
Gaussian elimination, 1208, 2565, 3092, 3732 
algorithm, 2548, 3092 
optimal algorithms for parallel -, 1209 
Gaussian 
limit laws, 1751 
processes, 1020, 2715 
random variables, 1731 
stochastic processes, 3142 
Gauss-Jordan elimination, 78 
Gauss-Markov processes, 1020 
GCD (greatest common divisor), 235, 2981, 3233, 
3557 
algorithm, 3595 
computation of -, 3233 
of two polynomials, 3031 
programs, 3557 
GCD’s in rings of integers of algebraic number 
fields, 235 
GCM,, geometric construction machine, 1285 
g-completeness, 592 
Gecseg, 163 1 
GDOL systems, 5 
Gs sets, 1786, 3447 
Gelenbe and Finkel, 2075 
Gelfond 
and Lifschitz, 3328 
stable model semantics of -, 2040 
genealogical minimum, 1184 
genealogy, 1614 
of a G-derivation, 1614 
Gen, class -, 2763 
generable languages, 24 
general 
context-free parsing algorithm, 1540 
evaluation algorithm of the outermost type. 218 
logic programs, 1752, 3247 
parallel computers, 835 
recursion, 1750, 3000 
recursive functions, 1554 
generalization 
formalism, 2593 
inference mechanisms, 2534 
generalization of 
automatic sequences, 1144 
crossing sequences, 322 
finite automata, 283 
logic variables, 1518 
generalization 
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procedure, 2 185, 2606 
procedure, bottom-up -, 2606 
rule, 2681 
theorem, 2044 
generalizations, forming -, 837 
generalizations of 
Cayley graphs of context-free groups, 726 
concepts, forming -, 837 
context-free rewriting, 877 
finite automata, 745 
functional dependencies, 823 
reachability trees, 881 
generalized 
automata on infinite trees, 1579 
automaton, 768 
bound, 2529 
Bruhat decomposition, 394 
calculus of constructions, 1663 
closed world assumption, 1460 
complexity cores, 1152 
components, 22 
context-free grammars, 1650 
counter scheme, 342 
counting method, 1171 
database, 2226 
dimensions, 26 I 1 
domains, 1417 
eigenvalue problem, 2529 
&-approximation, 2612 
equality sets, 1061 
expressions, 894 
Fibonacci searches, 577 
form, 2151,232l 
framework, 2133 
geography game. 2141,2142,2358 
high,, 2214 
hypercubes, 2982 
enumeration of - Young Tableaux, 2249 
generalized inductive definitions, 2480 
realizability interpretation of -, 2480 
generalized 
iterative algebraic theory, 806 
join dependencies, 742 
knapsack problems, 3205 
Kolmogorov complexity, 1049 
language equations, 288,863 
many-one reducibility, 607 
generalized matrix reduction, 244 
method, 154. 244 
generalized 
membership problem, 1041 
metric spaces, 3578 
models, 2672 
Moore shifts, 3228 
generalized natural transformations, 1312 
calculus of -, 1312 
generalized 
net, 2133 
Ogden’s condition, 1079 
parsing problems, 1132 
partial computation, 1672 
Petri nets, 56 
pigeonhole principle, 1177 
generalized prefix, 2287 
order, 2287 
generalized 
processor optimization problem, 2055 
product, 2278 
program, 1185 
proof principIe, 2300 
pushdown, 83 1 
push-down automata, 3807 
queueing networks, 2959 
regular expressions, 894, 1695 
relational algebra, 887 
relations, 3437 
generalized satisfiability problems, 793 
restricted -, 793 
generalized 
second order spectra, 708 
semigroup semirings, 1718 




star height, 2079 
subsequence order, 2287 
syntax-directed translation, 825 
generalized topological 
spaces. 2 15 1 
structures, 2994 
generalized 
truth-table reducibility, 607 
wedge operator, 1565 
word problem, 623, 636, 2180 
zeta function, 1481 
generalizing 
completeness results, 2044 
databases, 2226 
reduction, 2593 
total correctness, 2300 




pattern matching algorithms, 2068 
program, 1670 
generated 
graphs, probabilistically - 3143 
language, probabilistically - 3143 
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generating 
algorithm for trees, 205 
concepts, 2537 
confluent rewrite systems, 2748 
description languages, 1295 
effective attribute evaluation programs, 1342 
engine of infinite sets, 3252 
external events, 2012 
generating function, 156, 1160, 1261, 1346, 1470, 
1717, 1812,2948 
of subpattems, 156 
generating functions, 175 1, 18 11,2243, 2254, 2259 
2385,2491,2713 
counting -, 970 
hook -, 2259 
of automata, 382 
powers of -, 2713 
structure of -, 382 
generating graph languages, 982 
generating graphs, 613 
from graphs, 613 
generating 
Hamiltonian circuits, 2513 
HDOL systems, 68 
ideals, 3173 
generating infinite words, 774 
from selective substitution grammars, 774 
generating 
Lyndon words, 1140 
mechanism for NLC grammars, 1379 
morphisms, 198 
multiple closed tours, 2513 
ordered trees, 1089 
plans, 2188, 2189 
generating power, 1522 
language -, 341 
generating power of 
grammars, 6 13 
lazy semantics, 3601 
NLC grammars, 1379 
generating power 
series, 1474, 1476 
reduction in -, 613 
generating 
self-affine fractals, 2728 
series, 1473, 1480, 2948, 3141 
set, 2539 
sets, 173 
sequences of functions, method of -, I21 
generating shift-register cycles, 866 
algorithm for -, 866 
generating system, 1561 
generating trees, 605 
generation of 
constant functions, 239 
fractal sets, 3 167 
induction subgoals, 196 
infinite arrays, 642 
invertible functions, 1257 
large primes, 176, 306 
permutations, 3139 
ordered trees, lexicographic -, 205 




two-dimensional pictures, 496 
receivers, automatic -, 1292 
regular graphs, fast uniform -, 1370 
generation 
ordering, 2799 
plan -, 2188 
test pattern -, 2672 
generations of cells, 32 
generative 
capacities of HG’s, 1650 
capacity, 3 199 
generative capacity of 
grammars, 804, 3055 
MCFG’s, 1650 
generative power, I8l9,2547 
generative power of 
k-adjacency, 3025 
language families, 344 
the k-adjacent derivations, 3025 
generator for a family of linear indexed languages, 
622 
generator of 
a Horn spectrum, 1546 
the family of context-free languages, 758 
generator 
problem, 1546 
sequences, complexity of finding minimum- 
length -, 717 
set, 3303 
generator set cardinality, 717 
restrictions on -, 717 
generator set of a group, 717 
generators, 2107, 2355, 2411 
finite set of -, 2355 
generators for 
over testable languages, 3041 
permutation groups, 717 
intersections, computing a set of -, 636 
subgroups, Nielsen reduced set of -, 636 
generators in a group, independence of a set of -, 623 
generators of 
a semigroup, 100 
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groups, 809 
rational @power languages, 1024 
string languages, 53 1 
subset languages, 531 
generators of the 
cone of context-free languages, 1772 
rational cone. 170 
generators of trees, 452 
generators 
probabilistic finite -, 2235 
small -, 675 
total number of -, 241 I 
generic, 964 
absence of first integrals, 3 120 
algorithm, 3236 
data types, 1312 
inputs, 2323 
number of solutions, 3 I 1 
operations, 3803 
parsing paradigm, 3806 
pipelining transformation, 3687 
queries, 3629 
query, 1422 




generic solution, 964 
symmetric and -, 964 
generic 
strip, 298 1 
test sets, 3443 
genericity, 3201, 3262, 3803 
guarantees exactness, 2529 
theorem, 2323 
polynomial time bounded -, 3262 
genetic algorithms, 3839 
Genrich and Lautenbach, 304 
Gentzen 
introduction rules, 971 
sequent calculus, 637, 2202 
sequents, 949 
system, cut-free -, 1244 
Gentzen systems, 1244 
for propositional logic, complexity of -, 1244 




Gentzen-style system, 742 
Gentzen-type axiomatization, 2265 
genus, 2174 
bounded -, 2 I74 
k embedding, 3475 





topological surfaces, 3475 
genus- 1 
maps, 2243 
rooted maps, 2243 










BCH codes, 1753 
characterization, 2189, 2529 
concept, 2612 





data, discretization of -, 3 116 
data structures, 3461 
duals of polyhedra, 143 
embedding problems, 2076 
hierarchy, 2053 
incidence relations, 1203 
information, 1295 
logic for frames, 2989 
objects, 2655 
optimization. 1040, 1575 
oracle machines, 165 1 
geometric problems, 2076 
elementary -, 1285 
geometric 
problem solver, 2230 
rewrite rules, 2230 
sets, 3014 
geometric structure, 2467, 2653 
of the set of zeros of a system of algebraic 
equations, 3 11 
geometric theorems, 
automatic proving of -, 1399 
proving -, 1399 
geometric 
transforms. 680 
weights, 3 15 I 
geometrical 
decomposition operations, 2243 
interpretation, 22 15 
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transformations, 2215 
geometrically distributed variables, 3463 
geometries of networks, 938 
geometry, 1230, 1277.2143.2158.2189 
computational -, 2655, 3115 
Euclidean -, 2230 
fractal -, 2614, 2728 
geometry of 
d-dimensions, 221 
singular points, 3592 
geometry theorems, 1399 
Gergely-ljry, 361 
Gerhart, 256 




Giammarresi and Restivo, 3485 
Giancarlo, 
Apostolico and -, 1710 
Galil and -, 3399 
Rytter and -, 1632 
Gibbons and Rytter, 1632 
Gill 
and Bennet, 2091 
Baker, - and Solovay, 724 
Bennett and -, 502 
Gill’s class PP, 255 
Gimpel and McHugh, Boesch, -, 1580 
Ginali, 5 10 
Ginsburg, 34.296.79 1, 3509 
Ginsburg and Rose, 77, 114 
theorem, classical -, 77 
Ginsburg-Rice Schtitzenberger 
ALGOL-like fixed-point theorem, 390 
fixed-point theorem, 390 
Ginsburg-Rose theorem, 1743 
Ginzburg, 397 




theorems of -, 858 
Girard-Reynolds calculus, 13 12 
polymorphic lambda calculus, 1122 
second-order polymorphic h-calculus, 1664 
Girard’s 
linear logic, 2148, 2188, 2203 
model of polymorphism, 1294 
proof nets, 2189 
system F, 1078,2101,2312 
system F, (3299 
Gire, 1429 
girth, large -, 2474 
GJM-regularity, 1739 
G-languages, 1146 
glasses game, drinking -, 2117 
global 





consistency, 3363,3369, 3371 




finite-delay property, 486 




model checking algorithm, 2403 
motion planning, 3116 
optima in optimization problems, 3361 
global optimization, 1669, 1831, 2729 
technique, 1304 
global 
partial order, 2206 
relational consistency, 3371 
representation of recursive functions, 63 








states, 2013, 2132, 3731 
strategies of substitution, 3042 
system availability, 2388 
testing, 1026 
time, 2039 
topological size, 1637 
variables, 592 
globally 
convergent iterations, 451 
deterministic synchronized tree automata, 32 
legal state, 3488 
glued crowns, 3409 
gluing, 2742 




Glushkov-type product, 934 
‘75 
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G-machines, 1146 
G-networks, 2959 
GNF (Greibach normal form), 800, 868 
construction of Rozenkrants, 868 
grammar. 868 
Gfl inference, 491 
Go, 329 1 
goal 
clauses, I4 IO, 2295 
formula, 2060 
region, 2658 
region, polygonal -, 2658 
goals, 2165,2185,2222,2240,22X, 2296,2365, 
2465,2471,2644,2655,2658 
in clauses, 1760 
Gobel, 2150 
God& 2 10 112446.2476 
incompleteness, 3690 
Godel numberings, 239,353,500,523, 1321,2138, 
3495 
natural -, 353 
Godel speed-up, 533 
Godel-Bernays, 2155 
GBdel’s 
result on non-recursive shortening of proofs, 533 
second incompleteness theorem, 1559 
system T, 1844 
Goguen, 1687 
and Burstall, 733 
and Meseguer, 1742 
Jouannaud and Meseguer, 1739 
Goguen-Meseguer calculus, 1742 
Gold, 3427 
paradigm, 2666 
Goldfarb’s theorem, 1620 
Goldmann, 3222 
et al., 3222 
Goldreich et al.. 2510 
Gold’s learning model, 3076 
Goldschlager et al., 1421 
Goldschlager’s result, 1281 
Goldwasser 
et al., 2510 




Warmuth, 877, 1175 
Gonthier et al., 2688 
good EOL forms, 146 
Goodenough and Gerhart, 729 
Goodman and Tay, 1169 
Goppa, 1753 
codes, 1753 
Goralchikova and Koubek, 1116 
Gordon and Shamir, 1528 
Gorn, 295 





programming construct, 488 
programs, 256 
schemes, 1057 
Gouyou-Beauchamps, Dulucq and -, 1532 
GPC (generalized partial computation). 1672 
processes, 1672 
trees, 1672 




GPL, generalized parenthesis language, 599 
graded 
hypothesis theories. 3334 
modalities, 3693 
Grade1 and McColm, 2785 
gradual propenies, 3335 
graft domain. 174 1 
grafts, 1741 
Graham, 629 
et al., 660 
reduction, 629 
Graham-Harrison-Ruzzo version of Earley’s 
recognition algorithm, 1491 
Gramlich. 2598 
grammar 
BRC -. 67 
context-sensitive -, 54, 2608, 3 128 
covering -. 351 
family, 445 
grammar formalisms, 2053, 3803 
constraint-based -, 2749 
grammar forms, 88, 349, 350, 356, 375, 635, 1634, 
2164 
interpretation of -, 756 
pure -. 375 
weak interpretation of -, 756 
grammar homomorphism, 756 
grammar, graph _, 3 143 





size, 1784, 2398 
specifications, 3 172 
systems, 1819 
transformations, 229 
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one sided linear -, 229 
PC -, 3 199 
position restricted -, 349 
pure context-free -, 528 
simple -, 464 
theory, graph -, 872 
transformations, invariant of -, 229 
grammar/language layer, 3808 
grammars, 67, 112, 148, 445, 725. 731, 756, 958, 
2028,2057,2160,2164,2283,2498,2547, 
2609.2678.3418 
1s -, 735 
actor -, 2130 
and machines, unified theory of -, 725 
attribute -, 2112, 2267 
canonical types for -, 349 
categorial -, 3152 
cf -, 614 
c.f. -7 229 
characterization of -, 829 
collage -, 2728 
context-free -, 569, 2053,2056,2247,2420, 
2488,2614,2678 
context-sensitive -, 2608 
coupled-context-free -, 3055 
covering -, 152,351 
coverings of -, 756 
decreasing generalized Sierpinski -, 2728 
derivation bounded -, 758 
deterministic pure -, 375 
grammars, equivalence of -, 188 
problem for simple -, 3002 
grammars 
equivalent -, 569 
ETOL -, 3 128 
expanding -, 3025 
grammars for 
interactive models, 3690 
natural languages, 305.5 
w-languages, 35 17 
grammars, 
generating power of -, 613 
generative capacity of -, 804, 3055 
graph -, 423,872 
hyperedge-replacement -, 2128, 2139 
hypergraph -, 2001 
identification of -, 3076 
grammars in 
general categories, 202 
toposes, 1448 
grammars, 
increasing generalized Sierpinski -, 2728 
interpretation -, 349 
item -, 3 13 
k-separated -, 2306 
LL(1) -, 95, 193 
grammars, LL(k) -, 95,257,334,471 
equivalence problem, 95 
grammars, LLP(k) -, 334 
local constraints -, 260 
LR -, 313 
LR(0) -, 193 
LRQ) -, 92.257,334 
LR-regular -, 464 
matrix -, 2052 
membership problems for -, 877 
NLC -, 613 
node label controlled -, 613 
normal form -, 569 
grammars of type X. 299 
grammars on algebraic structures, 829 
grammars, 
pair of -, 948 
pairs of -, 756 
pattern -, 341 
phrase structure -, 2028, 2077 
position restricted -, 349 
pure -, 375 
random context -, 804 
recursive -, 829 
right and left very-simple -, 758 
right-boundary -, 948 
selective substitution -, 341, 735, 774 
semi-conditional -, 804 
strict deterministic -, 334 
substitution -, 341 
transparent -, 554 
tree adjoining -, 3055, 3172 
grammars, two-level -. 554 
control -, 3 172 
grammars, 
van Wijngaarden -, 344 
VR -, 2405 
grammars with 
minimal number of nonterminals, 373 
one-letter terminal alphabeths, 1379 
operators, syntax for, 98 
grammars without nonterminals, 375 
grammatical calculus, 2247 
grammatical characterization, 2053 
of alternating pushdown automata, 1267 
grammatical codes, 2394, 3034 
for trees of arbitrary degree, 3034 
of trees, binary -, 3034 
properties of -, 2394 
grammatical complexity, 567 
measures, 2 164 
grammatical 
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covering, 47 
complexity, theory of -, 299, 305 
coverings, testing for -, 756 









similarity relations, 756 
structure, 260 
target classes, 3550 
granularity, 3240. 3733, 3738 
graph 3-colourability, 16 
graph accessibility problem, 435, 5 18 
and/or -, 5 I8 
graph algorithms 
implementation of -, 1386 
implementations of -, 1386 
graph 
as a restricted Z-structure, 2906 
automata, 2597 








graph derivation, 2132 
sequence. 238 
graph derivations, 238 
sequences of -, 238 
theorems for -, 238 
weak Church-Rosser-property of -, 238 
graph 
directed labeled -, 2996 
display, 1156 
graph drawing, 2291 
problems. 3 198 
graph driven BDDs, 2672 
graph 
edge-colored -, 3097 
editor, 3418 
graph embeddability problems, 323 




graph grammmar, 2306 
theory, 238, 872 
probabilistic -, 3143 
graph grammars, 238. 399,423, 613, 872, 1133. 
1459, 1534, 1557, 1647, 166l,2132,2133. 
2333,3086, 3418 
algebraic theory of -, 238 
derivation processes in -, 872 
edge replacement -, 2227 
generating power of -, 423 
with neighbourhood-controlled embedding, 423 
graph isomorphism, 3766 
problem, 756 
graph language, 1032, 1534 
generating power of graph grammars, 423 
graph languages. 613. 982, 1379, 1646, 1647, 2306, 
3429 
Cayley -, 2107 
k-separated eNCE -, 2306 
graph 
L-systems, 496 
graph manipulations. 238 
concurrency of -, 238 
&raph matchings, counting complexity of -, 2021 
&raph model, 3452 




nonisomorphism, 25 10 
of a tree, minimal -, 596 
operations, 3024 
P,-reducible -, 3423 
P.,-sparse -, 3423 




graph paths, 232 
graph problems, 2403, 3267 
dynamic -, 3020 
kernel of -+ 2726 
NP-completeness of -, I6 
recursive -, 3468 
graph productions, 2132 
graph properties, 2098, 2 139 
recognizing - from adjacency matrices, 74 
graph 
reachability, 3321 
reduction, Lamping’s optimal -, 3000 
graph representation of 
a Boolean function, 3305 
logic programs. 3207 
graph rewriting, 1001, 1165, 1363 
algebraic -, 2935 
language DACTL, 2478 
low-level language of -, 1363 
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graph rewriting system, 
confluent, 2947 
Noetherian -, 2947 
graph rewriting 
systems, 882, 2210.2673.2744, 2882,2947, see 
also GRS 
term -, 2935 
graph rewritings, 620,2130,2132,2142,2478,2673 
relational -, 2673 
traditional -, 2673 
graph 
searching a -, 921 
structures, 3342 
graph theoretic 




graph theoretical structures, 3207 
graph theory, 629, 710 
linear -, 495 
graph transductions, 2405 
second-order definable -, 2405 
graph transformation, 2125, 2131, 3342 
method, 2037 
single-pushout -, 2131 
graph 
transformers, 3387 
traversal techniques, 1262 
with colored vertices, 3099 










graphlike expressions, 213, 218, 223, 399 
computations on -, 213 
in evaluation algorithms, 213 
optimal evaluations of -, 218 
theory of -, 213 
transformations of -, 399 
graphlike LISP expressions, 399 
GraphLog, 2225 
visual query language -, 2225 
graph-networks, 11.53 
graph-oriented object data model, 3030 
graph-rewrite systems, 1149 
graph-rewriting formalism, 2126 






2-connected -, 354 
algorithmic problems on -, 3423 
AND/OR -, 499 
annotating state-transition -, 2410 
arrays as -, 496 
as grammar forms, 350, 356 
attributed -, 2274 
bandwidth of -, 518 
graphs, bipartite -, 2021, 2078, 2358, 2490, 2739, 
2767.2774 
permutation -, 2217 
graphs 
block -, 2217 
Boolean -, 2403 
Cayley -, 2107.2509 
C-edNCE sets of -, 2001 
chordal -, 2657,2759 
clique problem on -, 896 
colouring -, 854 
communication -, 2509 
comparability -, 2727 
complete -, 228 
connected -, 2128 
connection -, 2189 
context-free -, 2001, 2032, 2069 
convex-bipartite -, 2767 
database -, 2225 
dependence -, 2176 
dimension of -, 228 
drawing -, 2490 
graphs, edge 
covering characteristics of -, 228 
labelled context-free -, 726 
graphs 
embeddability of -, 323 
encoding -, 232 
enumeration of -, 379 
expanding -, 2362.2474 
feature -, 2749 
finite-valued -, 2006 
flow -, 2055 
from graphs, generating -, 613 
fssp problem on -, 287 
functional -, 2498 
generalizing closed curves, 2702 
generating -, 613 
grid -, 2759 
H--, 527 
infinite -, 2512 
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information rate of -, 3003 
input -, 2 107 
interval -, 2078, 2774 
labelled -, 2405 
labelling plane -, 3198 
lattice -, 2709 
layout parameters of -, 921 
linear -, 495 
logic of -, 3024 
monadic second-order logic of -, 2990 
node-labelled -, 2192 
node-searching -, 921 
graphs of bounded 
cyclic bandwidth, 1661 
path-width, 3254 
graphs of 
computable functions, 3076 
functions, 290 
graphs on surfaces, 1042 
graphs 
orderable -, 2727 
ordered -, 2785 
partitioning -, 396 
graphs, pattern -. 209 
matching of -, 3030 
graphs 
pebble games on -, 282 
perfect -, 2078 
permanent of -, 2021 
planar -, 2169,2174,2234,2472,2706,2722 
planarity of -, 323 
process -, 20 16 
P,-reducible -, 2735 
recognition of -, 2597 
represented large-scale -, 2739 
split -, 2078, 2759, 2774 
St-numbering in -, 927 
symbolic transition -, 2632 
topological -, 2994 
tree-decomposable -, 2127 
tree decomposition of -, 2506 
typed -, 3030 
unit disk -, 32 I1 
vertex-coloring -, 2473 
vertex separators of -, 921 
visibility -, 2655, 2657 
VR sets of -, 2405 
weak-connected -, 2433 
weighted -, 2276, 2564.2777 
graphs with 
bounded bandwidth, 435 
expensive depth reduction, 376 
genus o(n), 3267 
small separators, 3464 
graph-theoretic characterization, 2105 
of D-structuredness, classical -, 710 
graph-theoretic structures, 2133 
graph-theoretical 
path problems, 797 
properties, 2784 
representation, 32 15 
grate construction, 2362 
greatest common divisor algorithm, 3659 
greatest fixed point, 1798, 295 1 
for inclusion, 234 
of a set functor, 2951 
operators, 3575 
greatest fixpoint, 892. 1410, 343 I 
greedy algorithms, 1749,2564,2768 
approximate -, 479 
greedy approximation algorithm, 1087 
duplication, 3260 
heuristics, 1087, 1251 
methods, 2659 
greedy-like algorithm, 2467 
greedy-style algorithms. 2564 
Greendlinger group, 634 
Green’s relations, 52,504 
Greibach, 175, 296 
Friedman and -, 3681 
Greibach normal form, 351,613, 800, 868 
construction, 800, 868 
for context-free string grammars, 6 I3 
grammars, 569 
reduced grammar in -, 498 




interconnection networks, 2755 
lines, 2654 
network topology, 3487 
Gries, Owicki and -, 600 
Grigorchuk groups, 1642 
Grigoriev and Karpinski, 3103 














atoms, 995, 1434, 2098 
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atom sequences, 1434 
complete set, 1359 
clauses, infinite sets of -, 1396 
ground confluence, 14 12 






field, 3 11 
fields, 1130 
ground instances, 3551 
of atoms, 1606,3 148 
ground 
instantiation of a logic program, 3148 
markings, 2007 
negation, 3341 
ground reducibjlity, 2070, 2417 




rewrite system, 3535 
set, 2768 
solvability, 2686 




equation system, 2221 




term-rewriting systems, Church-Rosser property 
for -, 959 
types, 358, 1312.2371 
ground-co-reducible, 2070 
grounded 
argumentation semantics, 3293 
semantics, 3293 
grounding out a disjunctive logic program, 2850 
groundness conditions, 3341 
ground-reducible, 2070 





algebras of finite groups, 997 
automata, 1494 
code, 3633 
codes, 3 179 
decidability of the property -, 504 
factorization, 3303 
families, 1667 
finitely representable -, 229 
free -, 229,758 
Hotz -, 758 
identities, 1667 
intersection, 3303 





maps with prescribed automorphism -, 425 
group of 
a problem, 280, 285 
actions, Abelian -, 515 
all shift-self-equivalences, 3400 
Permutations, 3186 
group, permutation -, 717 
group presentations, 2161 
theories of -, 2161 
group 
problems, 3303 
quotient of a monoid, 329 
quotients of free monoids, 1097 
theoretic problems, 809 
theory, 327, 3147 
type automata, 1771 
when is a monoid a -, 389 
group with 
multiple operators, 1494 






groups, 1582,1696, 1847,2107,2109,2161,2180, 
2184,2383,2385,2389,2730 
Abelian I--, 943 
bisimulation of -, 2184 
embedding monoids in -, 768 
groupoids that are -, 79 
isotropy -, 13 1 
minimal nontrivial congruences in -, 712 




units of monoids, 957 
groups, 
Q--, 1283 
permutation -, 2109, 2257 
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presentation of -. 1274 
testing cyclicity for -, 809 
universal theory of Ahelian I--, 943 
growing Abelian 
group, 2088 
monoid sequences, 2088 
growing 
DOL system, 5 
groupoid sequences, 2088 
number of parallel processes, 1137 
systems, 5. 2305 
growth 
equivalence, 2305 
functions in EDTOL languages, 590 
intermediate -, 2752 
obtaining inational speeds of -. 2172 
growth of 
DOL systems, 43 
filamentous organisms, 28 
polynomial -, 197 
problems for avoidable words, 13 IO 
role of -, 952 
GRS. 2744 
Crundy values, 2289 
Gruska, 453 
Grzegorczyk, 2400, 3 190 
generalized hierarchy, 583 
hierarchy, 690, 2062, 2400 
Grzegorczyk-class, 54 
Grzegorczyk‘s hierarchy, 3538 
G-schemes, 363 
and TL-schemes, graph theoretic characterization 
of -, 363 






best competitive -, 2437 
finite worst case -, 2465 
guaranteed processes, 3230 
guarantees. worst-case -, 2437 
guard contraints, 3368 
guard-commit mechanisms, 1410 
guarded 
access, 354 1 
clauses, 1410 
guarded commands, 275, 1858 
Dijkstra’s requirements on -, 275 
guarded 
Horn clauses. 1410 





guardedly specifiable in ACP with abstraction, 3459 
guards, 13 14, 3368 





Guibas and Stolfi, 1452 
algorithm. variant of the -, 1452 
gumgcns trees, 2244 
Gunter and Winskel. Coquand. -, 1487 
Gurari and Ibarra, 909 
Gurevich, 1844, 2788 
and Harrington, 1802, 3844 
Gurvich. 3129 
Gusfield, 3559 
Guthrie’s problem, 3067 
H 
Habel et al., 2127 
Hagino, 2153 
Hagino-Wraith style, 2637 
Heines, 3795 
Hijek, 252 
Hajnal et al., 2945 
Haj6s factorizations, 3164, 3568 
Haken, 1 I77 
Appel and -, 3067 
Hakmem algorithm, 3659 
HAL (Herbrand agent language), 2279 




retrieval problem, 968 
half-spaces, 15s 




Hall’s condition for matchings, 3145 
Halpern. 3332 
and Moses. 1108 
Halstenberg and Reischuk, 2945 
halting, 2107, 2516 
configurations, 337 
deciding -, 239 
pebble automata, 861 
halring problem, 1054, 1414, 1723, 2499, 2636, 3090 
on finite interpretations, 1723 
space-bounded -( 3104 
halting 
set. 2636 
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space-bounded computations, 220 
Hamiltonian circuit, 1207 
construction problems, 25 13 
Hamiltonian problem, 816 
undirected -, 16 
Hamiltonian cycle, 2496, 2702 
Hamiltonian cycles, 1153, 1349 
on dense graphs, 1153 
algorithms for -, 1349 
Hamiltonian path, 1087, 2727 
problems, directed -, 16 




hammock decomposition technique, sequential - 
3267 




Handelman’s theorem, 3309 
handler responses to an exception, 1502 






Hankel-like results, 1471 
Hanoi, towers of -, 2337 
Hansel, 2614 
hard 
combinatorial problems, 3182 
cores, 1152 
for co-NE, 3644 
instances of a problem, 285 
logspace counting class, 2087 
minimum cost tension instance, 3722 
open problems, 344 
polynomial, 262 
problems, 1182, 1831 
promise problems, 22 14 
set, 2163, 2308 
hard to compute, 242 
languages, 1023 
hardest 
context-free language, 2077, see also HCFL 
function, 2165 
integer to evaluate, 72 




almost everywhere, 1800 




communication complexity, 1085 
computing the trace of the matrix inverse, 1130 
factoring, 475 
hardness of finding 
SAT problems with unique solutions, 910 
specification morphisms, 3642 
hardness of 
maximum number of accepted packets, 3734 
minimum end-to-end delay, 3734 









modification machine model, 914 
rings, 2725 
Hardy space, 1746 
Hare], 543, 1485 
Kozen and Parikh, 755 
Harju and 
Karhumaki, 1838 
Linna, 888, 1529 
Harju, Culik and -, 609 
HARMONIC, server algorithm, 1823 
harmonic sums, 2711 
harmonics, 2474, 2711 
Harper et al., 23 
Harrington, Gurevich and -, 1802, 3844 
Harrison, 2704,2709 
Harrop subformulae, 1685 




Hopcroft, theorems of -, 252 
Hartmanis 
Berman and -, 675,770 
conjecture of Berman and -, 771 
Schoning and -, 3490 
Stearns and -, 34 




functions, linear -, 2926 
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hashing, 1733,2729 
perfect -, 3349 
universal -, 2926 
hash-tables, implementation of sets by -, 417 
Hasse diagrams, 907, 1156 
Hassner, 1096 
Hastad, 20 19 
Hausdorff 






difference hierarchy, 1786 
hierarchy, 1786 
Haussler, 1143, 3297 
and Welzl, 2612 
having complete languages property, 1106 
Hayashi’s PX, 1685 
Hayes’ long-standing challenge, 1022 
hazards. 1148 
HCFL, 2077 
hci-grammars, 149 I 
HDOL languages, 2760 
families of -, 2760 
HDOL sequence equivalence problem, 588 
HDOL sequences. 68, 198 
ultimate equivalence problem for -, 68 
HDOL systems, decidability problems for -, 198 
HDTOL languages, 909 
Head and Lando, 888, 3 109 
head 
grammars, 1650 
linear reduction, 2573 
operation, 3 19 1 
head-normal form, 3 19 1 
heads, 2285,2335,2567 
of rules, 1456 
vs tapes, 553 
of automata, number of -, 718 
heap data structure, 2266 
heap operations, 1576 
complexity of -, 3093 
heap structure, 3093 
heapsort, 3093 
algorithm, 3093 
algorithm HEAPSORT, 2569 
algorithm, optima1 -, 3174 
HEAPSORT beating, variant of -, 2266 
heapsort, complexity of -, 3 174 
HEAPSORT 
heapson algorithm -, 2569 
variant of -, 2266 
heapsort, Wegener’s -, 3093 
heart of a term, 3042 
Hebb, 3084 
Hecht and Ullman, 171 
height function, 3145 
height of 
a spanning tree, 3467 
a tree, 1331 
codes, 3480 
height-counting tree automata, 1536 
heights. 2424.2636, 2665, 2718 
Heintz and Sieveking, 242 
Helios, modeling language for global optimization, 
3361 
Hell, 1227 
Hellenic philosophers, 1668 
Hellman. authentication problem of Diffie and -, 788 
helping 
by robust oracle Turing machines, 1000 
in complexity theory, 1000 
Hemachandra, 1850 
and Allender, 2554 
and Cai, 2025 
Naik, Ogihara, and Selman. 3017 
Henkin, 1859, 2041 
quantifier elimination procedure, 2041 
Hennessy 
and Milner, 679,760 
Costa and -, 1829 
De Nicola and -, 976 
Hennessy-Milner logic, 1665, 1782, 2067, 2194, 
2195, 3082 
formula, 2194 
Hennessy-Milner logic with recursion, 1365 
extension of -, 1365 
Hennessy’s 
testing equivalence, De Nicola and -, 976 
transition systems, I137 
Henschen, 1727 
Hensley, 3659 
Herbrand. 1411, 2336 
agent language, 2279, see also HAL 
base, 1450 
based semantics, 1826 
bases, 2267. 2797, 3644 
basis, 2098 
constructor trees of -, 2336 
interpretation, 3148 
interpretations, 1760, 2327 
Herbrand model, 1411. 1413, 1434 
equivalence, 2796 
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Herbrand-Kleene universe, 699 
for nondeterministic computations, 699 
Herbrand-Robinson algorithm, modification of the -, 
2175 
hereditarily finite, 3683 
permutators, 44 
sets, 2282, 3387 
hereditarily recursive operations, 63 
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hereditary, 2504, 2683 
graph property, 1640, 2772, 3338 
homogeneously orderable graphs, 3294 
permutators, 222 
programs, 3557 
Hermite canonical form 
for a polynomial matrix, 762 
of a polynomial matrix, 3031 
Hermite 
reduced lattice bases, 8 15 
reduction of a matrix, 3031 
Hertrampf et al., 2783 
Hertrampf s locally definable acceptance types, 3541 
Hessenberg form, 1039 
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term algebras, 766 
heuristic 
admissable -, 499 
algorithms, 1831 
methods, 3070 
problem solving, 499 
search, 499 
heuristics, 1493, 1501, 1577,2122,2386,2679,3125, 
3234,3112 
behavior of -, 2122 
consistency condition for -, 499 
heuristics for 
binary search trees, 3521 
minimum length partitions, 1251 
optimum binar search trees, 1251 
record allocation, 345 
scheduling, 245 
heuristics for systems of linear inequalities, 210 
fast -, 210 
heuristics 
greedy -, 1087 
P-optimal -, 210, 245, 345 
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deco polyominoes, 3140 
division sequences, 1561 
lattices, 3 140 








Markov models, 2929,3.550 
sorts, 2372 
transitions, 3073 
hiding, 1095, 1678, 2333 
compositional rules for -, 971 
operation, 961 
parts of theories, 615 
synchronization, 1790 
hierarchic derivor, 1374 
between order-sorted term algebras, 1374 
hierarchic development, 966 
methods, flexible 5, 966 
hierarchical abstract data types, 650 
models of -, 650 
hierarchical 
combination, 3013 
combinations of term rewriting systems, 3013 
condition, 1606 
consistency, 884 
database objects, 1166 
data structure, 2167 
definition, 1329 
distributed computation, 373 1 
implementation, 2656 
layers, 1306 
memory model, 25 14, see also HMM 
networks of processes, 1621 
procedures, 3027 
radiosity method, 3738 
relationships, 2655 
representation of 2-structures, 1328 
hierarchical representations, 1329 
of 2structures. 1329 
hierarchical 
specification method, 1543 
specifications, 3211 
structures, 1156, 1166 
systems, 1555 
term rewriting systems, 3013 
types, 1082, 3027 
hierarchical verification, 753 
of asynchronous circuits, 753 
hierarchically consistent and complete specifications, 
1306 
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almost-everywhere complexity -, 2211 
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time-space complexity classes, 225 
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languages. I8 19 
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concurrent systems, 514 
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hierarchies of functions, 1581 
generalized -, 583 
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1366, 1461, 1570, 1614, 1634, 1835, 1844, 
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exponential-time -, 3019 
Meyer-Stockmeyer -. 530 
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access levels, 462 
adherences, Chomsky -, 440 
agent-passing calculi, 3277 
communicating processes, 3230 
complexity classes, 1269, 1601 
computable functions, 3189 
counting functions, 3178 
cyclic graph languages, 1032 
degrees, 3436 
eNCE families of graph languages, 3429 
families of languages, 1016 
formulas in prenex normal form, arithmetic -, 
570 
graph languages, 3429 
inductive inference machines, 513 
k-context-free-languages, I 175 
hierarchy of languages, 3055 
Brzozowski -, 956 
hierarchy of 
layers, 3808 
modular tree transductions, 1461 
Muller automata, 1786 
name-passing calculi, 3277 
non-context-free languages, 1821 
wregular languages, 1786 
one-way multihead automata languages, 946 
polynomial time lattice basis reduction 
algorithms, 1025 
P-reducible degrees, I64 
program control structures, 1669 
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Horn formulas, 1288 
sequent calculi, 3134 
hrerarchy of 
Rabin indices, 3575 
restrictions, 1058 
S-communication complexity, 1085 
star-free sets, dot-depth -, 273 
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timed models, I I I4 
Turing functions, 480 
universes, 1663 
user domain restrictions in data bases, 462 
weak indices, 1570 
wordsequence functions, 583 
hierarchy 
result. 2791 
polynomial -, 320, 377 
polynomial-time -, 981. 3019 
primitive recursive -, 891 
hierarchy theorem, 1381 
space -, 220 
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complexity, 2368, 2637 
degree of parallelism, 1209 
hierarchies, 2288 
high level 
declarative programming, 1778 
dependency rules, 2536 
Petri nets, 881 
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bifurcation ratios, 3471 
complexity classes, 1178 




transition systems, 1362 
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higher order 
dataflow schemes, 1679 
designs, 2881 
functions, 1626 
lambda calculi, metatheory of -, 13 12 
logic& 3583 
objects, 1679 
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Horn classes, 1859 
primitive recursive definitions, 1844 
recursive operators, 895 
higher types, 601, 1844, 1859 
higher-dimensional word problems, 2204 
higher-level 
nonprimitive operators, 732 
specifications, 1543, 2798 
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extension of the propositions-as-types paradigm, 
1312 
higher-order functional 
programming languages, 2376 
programs, 3276 
higher-order 
functions, 1082.3276, 3524, 3732 
lambda calculi, 1312 
kalculus, 2591 
language, declarative -, 830 
languages, 2035 
logic, 1411, 2533, 3270 
logic of -, 2596 
logical formulae, 3270 







resolution method, 1076 
rewrite systems, 2321.3679,see also HRS 
higher-order rewriting, 2321 
systems, 3000 
higher-order rules, 3374 
higher-order specifications, 3524 
partial -, 2880 
higher-order 
subtyping, 3299, 3648 




type theory, 1185 
unification, 2200 
universal algebra, 1859 
highest degree subgraph, 3217 
problem, 3217 
high-level, 2056,2345 
access to distributed data structures, 3741 
availability of - declarative query languages, 
2555 
declarative query languages, 2555 
formal description of parsers, 3804 
functional languages, 1725 
model, 2514 
parallel programming, 3732 
high-level Petri net model, 272 
of concurrent systems, 272 
high-level 
Petri nets, 272, 881 
replacement systems, 3418 
temporal operators, 1068 
high-order discretization of geometric data, 3116 
Higman, 2287 
Higman’s theorem, 746 
extension of - to infinite words, 746 
Higman’s well-quasi order result, 551 
generalization of -, 551 
Hilbert matrices, 3233 
Hilbertian field, 912 
Hilbert’s tenth problem, 2101 
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systems, 3314 
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Hindley, 448, 589, 1628 
Hindley/Milner type system, 3598 
hints, theory of -, 3333 
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historical data for objects, 953 
histories, 1475, 2157, 2629, 2795 
collapsing execution -, 2013 
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history-preserving, 2263 
bisimulation, 2196, 2263, 3073 
equivalence, 2263 
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Hitchcock-Park theorem, 3023 
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hitting set, 2768 
problem, 816 
HL (class of languages generated by HG’s), 1650 
HLR conditions, 3342 
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HMM (hidden Markov model), 2514, 2929 
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Hoare, 368, 494, 521, 1619 
asserted programs, 1117 
axiomatic proof formalism, 2534 
et al., 700 
finite observations of -. 961 
Hoare logic, 368, I1 17, 1407, 1551, 2805, 2806, 
2881 
inference rules, 2806, 2845 
completeness of -, 2806 
soundness and completeness of -, 2845 
style of -, 2805 
Hoare 
power domain, 709.2038.2586 
Olderog and -, 961 
Parnas and -, 414 
Hoare-derivable, 769 
Hoare-He postspecification operators, 2800 
Hoare-like logic, 368 
sound -, 368 
Hoare-like proof systems, 508 
completeness of -, 508 
Hoare-like 
system, 592 
verification system, 1502 
Hoare’s calculus, 1298 
completeness theorem for -, 1298 
Hoare’s chaos semantics, 3001 
Hoare’s logic, 456, 556, 562, 591, 769, 1298, 1600, 
3583 
completeness of -, 562 
Hoare’s logic for 
nondeterministic regular programs, 1298 
programming languages, 562 
Hoare’s logic for while-programs, 769 
completeness of -, 769 
Hoare’s logic 
in proving correctness of nondeterministic 
programs. 556 
over PA, 456 
proof theory of -, 456 
relative completeness in -, 769 
Hoare’s program FIND, 328 
Hoare’s proof system, 368 
Hodgson, 2080 
Hoffman and O’Donell’s simple patterns, 2068 
subclass of -, 2068 
Hoffmann-Lawson duality, 2197 
holding costs, 3398 
holomorphic 
function, 1746 
functions outside the unit disk, 1746 
holonomic control systems, 3 119 
holonomy decomposition, 397 
theorem, 397 
Holt, 1006 
horn functor, internal -, 1312 
home 
state property, 2007 
states, 2007 
homeomorphic subgraph problem, 723 
Homer, 992 
homing determinacy, 97 
homogeneity, 1069 
of systolic automata, 1069 
homogeneous 
decomposition of stochastic systems, 796 
graphs, 3294 
polynomials, 3069 
reversible automata, 190 
sets in 2-graphs, 3294 
systems, 2765 
homogeneous whirl decomposition, 796 
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homogeneously orderable graphs, 3294 
homological 
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homomorphic, 207 1 
homomorphic characterization of 
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184 Subject Index Volumes I-2OO/Theoretical Computer Science 213D14 (1999) 5436 
queue languages, 1595 
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of context-sensitive languages, 867 
homomorphic equality, 1061 
operations, 1061 
homomorphic image, 947, 1213 
homomorphic image of 
a DOL system, 694 
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homomorphic images, 1061,2187 
homomorphic images of 
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homomorphic 
map, 749 
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representation power, 1490 
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homomorphically complete, 904 
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letter-to-letter -, 13, 28 
Magnus transform of a -, 156 
of free semigroups, 13 10 
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theorem for sketches, 973 
tree transformations, 1652,2937,3534 
homomorphisms, 28.56, 148, 171,643, 1173, 1832, 
2065,2159,2508,2747,3766 
abstraction -, 3082 
based on erasure, 694 
between posets, 799 
closed under -, 857 
equality collector of two -, 428 
for languages, 28 
grammar -, 756 
inverse transformation of -, 415 
letter-to-letter -, 13, 28 
homomorphisms of 
DOL systems, 694 
languages, 294,428,505,538,643,706, 1173 
rings, 608 
semantics, 830 
unary partial algebras, 3342 
homomorphisms 
onto - of grammars, 756 
rational sets of -, 2508 
saturating -, 3082 
square-free and cube-free -, 465 
homothetical image, 975 
homotopies, 2531 
homotopy, 253 1 
algorithms, 2529 
construction methods, 253 1 
continuation concepts, 2531 
learning as a -, 3084 
homotopy methods, 2531 
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polynomial degrees, 992, 1462 
polynomial-time Turing reducibility, 992 
reductions, 3038 
subrecursive classes, 29 
honesty theorem, 134 
Hoofman, 2197 
hook generating functions, 2259 
Hopcroft, 786 





Fortune, - and Wyllie, 752 
Hartmanis and -, 252 
Korenjak and -, 95 
Hopcroft’s 
algorithm, 1847 
branching algorithm, Korenjak and -, 471 
fast partitioning algorithms, extending -, 396 
Hope, 1363 
Hopf algebra, 1384 
structure, 1384 
Hopfield model, 3026 
Hopfield net, 
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Horn clause languages, 2276 
Horn clause logic, 1662, 1760, 2010, 2596, 3377 
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Horn clause 
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Horn 
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Horowitz and Sahni, 3174 
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horvert-representation, 1833 
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Hough transform, 2659 
house-hole-domino-sun-free graphs, 3294 
h-out of-k mutual exclusion, 3503 
algorithm, 3503 
Howson property, 636 
HP degree, honest polynomial degree, 1462 
HPF (high performance Fortran) compiler. 3741 
language, 3741 
runtime system, 3741 
hp-T degrees, 2357 
Hz theories of -, 2357 
HR, hyperedge replacement, 2405 
images of -, 2405 
H-resolution, 757 
HRO (hereditarily recursive operations), 63 
Hromkovic. 1835, 2520 
et al.. 251 I 
HRS (higher-order rewrite system), 3679 
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Huet, 1076, 1687, 3679 
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Hullot, 862 
Hullot’s principle of definition, 1359 
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Huffman 
tree problem, 3521 
trees, 289 
Hughes supercombinators, 1240 
Hullot, 1687 
Huet and -, 862 
Hullot’s principle of definition. Huet and -, 1359 
hulls, 2029 
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Hunt and Stearns, 2788 
Hurkens et al., 3101 
Hurwitr, 3589 
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matrices, 1565 
Hutchinson, 3445 
Hu-Tucker algorithm, 1735, 3496 
Huynh and Tian, 3002 
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Hwang, Hu and -, 3481 
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algorithms, 17 14 
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capabilities of - dynamical systems, 2622 
computational capabilities of - systems, 2622 
control systems, 2627 
dynamic systems, 2622, 2628 
realtime embedded systems, 2628 
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scheme, 2795 
hybrid systems, 2628, 3288, 2620-2625 
186 Subject Index Volumes l-2001 Theoretical Computer Science 2131214 (1999) 5436 
models, 2622 
representations of -, 2624 
hybrid task systems, 2262 
hybridization, 2695 
Hyland, 3 1 
and Pitts, 2095 
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hypercube, 3236,3480,3484,3539 
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hypercubes, 2467,2414,2755 
generalized -, 2982 
hypercubic networks, 3236 
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graph-grammar, 2127 
jungle rewriting, 2126 
theory of -, 2139 
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hyperedge-replacement, 1661 
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theory of -, 2227 
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hypermaps, 1599 
hyperpaths, 1357 
hyperplanes over finite fields, 3014 
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residual -, 2295 
spaces of -, 2608 
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abductive -, 2295 
hypothesis space, 2608, 3553 
refute -, 2608 




hypothetical reasoning, 2533 
functionality of -, 2533 
hypothetical rulebases, 1422 
I 
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i-adaptive search, 1246 
IAG, 2141 
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Ianov’s schemes, 1019 
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ice pile model, 2216 
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ideal bases, 3600 
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reliable -, 2608 
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missing binomial coefficient -, 2360 
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search of -, 2241 
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if then else and while do constructs, 256 
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if-then-else, 1796, 3023 
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if-then-else-h, 1627 
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IL (information logic), 1689 
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immediate consequence, 2776 
operator, 2796 
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higher-order programming languages, 2035 
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imperative language, 3027 
loop, 1726 
imperative 
languages, 1408, 1427 




imperative programs, 2035, 2479 
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implementability of data abstractions, 303 
implementable, 303 
implementable algebras, 303 
definition of -, 303 
implementable functors, 2879 
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algebraic -, 417 
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definition of -, 414 
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implementation 
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mapping, 2669 
massively parallel -, 3237 
method, 3530 
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abstract data types, 548 
a module in terms of another module, 414 
data abstractions, 414 
distributed systems, 268 
functional languages, 13 16 
Helios, 3361 
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logic programming, 1741 
parametrized data types, 548 
processes, 1128 
programming languages, 1830 
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implementation of the 
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Cantor-Zassenhaus algorithm, 3546 
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impossibility proof, 2444 
imprecise data, 2538 
impredicative 
second order arithmetic, 385 
system, 3581 
impredicative theory, 2049 
of operations, control and classes, 2049 
impredicative type theories, 1663 
imptimitive word, 808 
improvement theorem, 3276 
in ground negative literals, 3050 
inaccessible cardinal, 3502 
inaccuracies, 3076 
inaccurate information, 3076 
Inagaki, Oyamaguchi, - and Wyllie, 618 
incidence graph of a projective plane, 63 1 
incidence matrix, 1048 





and exclusion principle, 660 




greatest fixed point for -, 234 
inclusion of 
database schemata, definition of -, 408 
observable properties, 734 
tree transformation classes, 1652 
inclusion 
order. 2783 
problem, 1218, 1801, 3491 
inclusion problem for 
deterministic multitape automata, 517 
LL(k) languages, 19 
sets of firing sequences. 56 
simple languages, 19 
vector addition reachability sets, 30 
inclusion 
proof theory for program -, 591 
relation, 2316 
relationship, 825 
results of Engelfriet, Ftilop, and Ftili>p and 
VQgvBlgyi, 2937 
star height, 1694 
theorems for grammars, 313 
inclusions, 2134, 2316, 2501, 2558 
inclusions between 
expressions, 3272 
type constants, 1373 
inclusions 
of language families. 643 
subsort -, 2065 
inclusive predicates, 274 
incomparabilities of language families, 643 
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environment, 3076 
formalized proof methods, 591 
incomplete information, 843, 1455, 1671, 2026, 
2533.3328.3334 
database, 1457 
games of -, 2026 
propagation of -, 843 
incomplete 
knowledge, 2198 
on flat relations, 3629 
partial ordering, 1182 
specifications, 2154.3441 
incompleteness, 1455, 1460, 1495, 2653, 3690 
administrative -, 1317 
incompleteness of 
first-order temporal logic with until, 1098 
temporal systems, 1220 
incompleteness, relative -, 769 
incompleteness results, 368. 1495 





on average, 38 10 
string, 2170 
inconsistencies caused by fixpoints, 1371 
inconsistency, 1290 
inconsistency of 
fixpoints with coproducts, 1371 
propositional formulas, 57 
inconsistency, partial -, 3334 
inconsistent, 1290, 1727 
algorithms, 1078 
databases, 1727 
first-order set theory, 2156 
incorporating strictness constraints, 2278 
incorrectness of a program specification, 3077 
increasing 
data complexity, 2227 
generalized Sierpinski grammars, 2728 




attribute evaluation, 1018 
compilation, 2483 
complexity, 3020 
incremental computation, 1340, 2475 
nonuniform model of -, 2475 
incremental 
concept formation approach, 2537 
constraint satisfaction, 2679 
constraint solver, 2679 
efficiency, 2475 
incremental learning, 3557 
of logic programs, 3557 
incremental 
satisfaction of FD’s, 1168 
simulation, 2929 




Ind + Tord models, 1495 
indecomposable 
finite number of - codes, 2111 
k-structure, 2506 




information, 1727, 2227, 3327 
temporal constraint databases, 3327 
in-degree, 2699 
indegree of a superconcentrator, 454 
independence, 1545, 1667,2042,2336,2546 
between clauses, 1507 
computational -, 2022 




P = NP, 252 
independence of Rabin’s theorem, 385 
independence of tasks, 362 
high degree of -, 362 
independence 
parallel - of derivation steps, 2133 
relation, 34 19 
relations, 2354 
independence results, 3490 
in compexity theory, 252 
related to P =? NP, 252 
significance of - for complexity theory, 385 
independence 
sequential -, 238 
stochastic -, 2563 
independent, 3-wise -, 2777 
independent actions, 1441 





complete restrictions, 2015 
connections, 1211 
dominating set, minimum -, 3211 
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recursion variables, 2006 
representation of constraints, 270 
schemes, 1449 
set problem, 816 
set, maximum -, 2998, 3211 
sequence, sequential -, 238 
independent sets, 2664, 2739, 2774 
in planar graphs, 1147 
independent 
subtrees, 2415. 3275 
systems of equations in semigroups, 3266 
task-farm topology, 3240 
traces, 2784 
waiting-time constraints, 2382 





congruences, 143 1 





indexed categories, 1700,2577 
indexed families of 
functions, 1312 
uniformly recursive languages, 3553 
indexed functor, 1700 
indexed grammars, 922 
self-embedding -, 922 
indexed languages, 622.922.958.3185 
linear -, 622 
indexed types, 3598 
indexes, 3530 
effect of -, 3263 
indexings 
existence of -, 2315 
of subrecursive classes, 239 
indices, 2228, 2738, 3598 
strings of -, 958 
indifference graphs, 3466 
indirect binary cube networks, 938 
indiscernibility relations, 1689 
indistinguishability, 3270, 3698 
assumption, 2644 
relation, 2644, 3270 
individual agents, 3391 
individual patterns, 2487 
deletion of -, 2487 
individual terms, 27 11 
INDL (indiscernibility relations logic), 1689 
induced 
distance functions, 568 
domain, 2579 
metrics, 568 
partial order, 2176 
induced subgraph, 354 
induced subgraph isomorphism problem, 354 
for outerplanar graphs, 354 
induced transition system, 2028 
induction, 1629, 1687, 3208 
axioms, 2156 
fixed point -, 274 
formula, 2606 
hypothesis, 1036 
on the length of terms, 1134 
principle, 3357 
induction principles, 1037, 2042, 2064, 2300 
intermittent assertions -, 2300 
supporting verification, 1037 
induction 
proof by -, 842, 862 
proofs by structural -, 196 
rule, 195, 196 
rules, 837, 2624 
structural -, 274 
subgoals, generation of -, 196 
induction variables, 196 
selection of -, 196 
induction-free proofs, 1134 
inductionless induction methods, 1687. 2748 
inductions, 2534, 2536, 2606 
iterated -, 2006 
mathematical -, 2606 
inductive assertion method, 276, 279, 1124 




definition with Horn clauses, 1685 
inductive definitions, 1624, 2006,220~ 
framework of -, 2205 
functional dimension of -, 2006 
iterated -, 2006 
inductive 
fixed points, 13 15 
formalization of sample computations, 1695 
function, 3 143 
generalizations, 837 
inductive graph 
predicate, 3 143 
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properties, 2139 
inductive inference, 46, 94, 491, 513, 557, 1447, 
2138,2608,2666,2670 
algorithms, 1762 
BC-type -, 491 
framework of -, 2608 
from noisy data, 3554 
identification criteria for machine -, 513 
machine -, 5 13 
machines, 513, 2608 
natural properties of strong-identification in -, 46 
of programs of recursive functions from 
input/output exampfes, 557 
inductive inference, power of -, 2138 
probabilistic strategies in -, 557 
inductive 




primitive -, 2637 
inductive proof, 2267 




inductive reasoning, 837 
semantic analysis of -, 837 
inductive 
semantics, 1059 
sets of evaluations, 3799 
specification method, 2267 
synthesis of programs, 894 
theorem proving, 1036 
theorems, 1687 
theory, 1036 
inductive types, 2101, 2153, 3000, 3374, 3581 
Ft,-, 2153 
inductive valuations, 2719 




inductive-read& subclass, 2613 
inefficiency of resolution, 3096 
inefficient algorithms, 2640 
inequalities, 2103, 3363 
complexity of -, 449 
in linear programming, 960 
linear -, 960 
nonstrict -, 2765 
systems of -, 210 
inequality 
conditions, 1457 
problems, NP hardness of -, 608 
system, 2627 
inequational properties of iteration, 3442 
inequations, 2773, 3150, 3363 
extremal solutions of -, 2773 
system of -, 2773 
inequivalence 
problem, 392 
of context-free languages, deciding -, 656 
inequivalence problem, 
complexity of the -, 392, 656 
NP-completeness of the -, 281 
polynomial time decidability of the -, 392 
inequivalence problems for arithmetic expressions, 
bounded -, 392 





behaviour of a process, 709 
properties, 2300 
property of system states, 1215 
inexpensive run-time error, 2065 
inexpressible in declarative semantics, 1124 
inexpressiveness, 769 
inf function, 2585 
inf-faithful domains -, 2588 
inference, 1167, 1447, 1668 
algorithms, 1167, 1762, 2459, 3331 
inference basis, 1041 
of a set of MVD’s, 1041 
inference 
BC?’ -, 491 
by deterministic strategies, 557 
capabilities of -, 2138 
inference control 
technique, 624 
for range sum queries, efficient -, 624 
inference 
from a single walk, linear chain -, 3097 
GW”-, 491 
grammatical -, 3550 
inductive -, 491, 557 
machines, inductive -, 5 13 
inference of 
approximate programs, 1447 
function classes, 557 
optimal descriptions, 94 
inference of programs, 491 
simultaneous -, 1255 
inference 
of types, 1664 
operator, 3392 
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permutation -, 3 182 
inference problem, 94 
for dependencies, 369 
inference 
process, 49 1 
rule, 1036, 1519, 3182, 3619 
rule of -. 68.5 
inference rules, 207,450, 524, 823, 1167. 2572, 
2748.3213 
complete set of - for join dependencies, 647 
inference rules for 
embedded multivalued dependencies, 450 
join dependencies, 647 
inference rules for multivalued dependencies, 207 
in database relations. 207 
inference, rules of -, 600 
inference rules, 
Plotkin style -, 2482 
unbounded -, 742 
inference 
semantics, 2015 
successful -, 3095 
inference system, 1275, 1701,3686 
complete -, 1317, 2048 
inference systems, 1495, 1761, 2683, 3329 
inferences, 1434,2138,2276,2459,2572,2606, 
2608.2683 
constructing logical -, 2692 
for numerical dependencies, 823 
from a single dependency, 647 
infinite sequence of -, 2276 
join dependency -. 647 
obvious -, 637 
of multivalued dependencies, 207 
inferencing mechanism, 2477 
inferred properties, 2275 
inferring a 
DNA sequence, 3549 
tree from walks, 3097 
inferring tree languages, 2459 
methods of -, 2459 
inferring valid logical models, 2627 
inf-faithful domains, 2588 
infima. 2588 
nonempty -. 2588 
infimal solution, 2773 
infinitary 
algebras, 1740 
axiomatization for PDL, 1698 
closure conditions, 2636 
codes, 744 
conditional equational logic, 2187 
conjunctions, 2880 
deterministic rational language, 659 
extension. 139 1 
formal language S-TL, 679 
free monoid, 1391 
lambda calculus, 3384 
language, 105 1 
infinitary languages, 
domain of -, 606,734 
domains of -, 734 
infinitary logic. 2791. 2792, 3622 
formulas, 2792 
r, ,w 60 
natural effective fragment of -, 2792 
semantics of -, 2792 






ratinal relations, 1614 
recursion theorems, 5 13 




signature, 295 I 




mfinite alphabets, 2557 
intinite artty 
in MEIJE, 594 
operators with -. 594 
infinite arrays, 498, 642 
generation of -. 642 
square-free -, 642 
intinitc 
atoms, 1826 
automata, unfoundedly branching 
nondeterministic -, 640 
basis of combinators. 1240 
infinite behavior, 2099, 2988 
fair -, 2099 
of finite-state systems, 3575 
infinite behaviors, 616, 1051, 1123 
equivalence of -, 616 
of finite automata, 616 
infinite behaviour, 3203 
infinite behaviour of 
infinite automata, 640 
Petri nets. 516 
infinite behaviours. 2102, 2390 
in CSP, 1 OS I 
infinite bmary 
sequences, 2499 
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string, recursive -, 27 
tree, 126 
infinite 
cancellative semigroups, 990 
class, 2164 
complete binary tree, 1642 





infinite computations, 234,498, 519, 584, 1604 
infinite computations in 
constraint programming, 2988 
denotational semantics, 519, 584 
languages with iterations, 519 
infinite 
concurrent processes, 2176 
confluent system, 406 
conjunctions, 2989 
context-free language, 305, 1354 
data type, 3459 
decimal fractions, 211 
degree of ambiguity of an NFA, 1657 
infinite derivations, 892, 2645 
in generalized context-free Kolam array 
grammars, 498 
subclass of -, 2645 





event sequences, 851 
expressions, 1541 




word, 1144, 1180 
infinite 
field, 1130 
flow charts, 271 
game, 3077 
games, 25 12.3844 
grammar form, 2 164 
infinite graphs, 2512 
combinatorial embeddability in -, 323 
infinite hierarchies of 
classes of context-sensitive languages, 424 
control structures, 416 
recursive languages, 416 
infinite hierarchy, 62, 199, 828 




incidence matrix, 614 
input tapes, 116 
internal computation, 3107 
interpretation, 1414 
labelled or unlabelled firing sequences, 516 
infinite length 
expressions of -, 60 
of the data, 3601 
words, 211, 1043 
infinite linear 
Gauss-reduced basis, 2548 
language, 305 
systems, 447,641 
infinite linear systems, 
solutions of -, 447 
theory of -, 441 
infinite loop, 3682 
infinite, 
matrices, truncations of -, 614 




non-repetitive words, 774 
normal forms, 2878 
NP set, 502 
number, 2603,269O 
numbers, 1602 
infinite objects, 1082, 2205 





polynomial complexity core, 9 15 




products, 1490, 1745 
proper polynomial complexity core, 1191 
protocol automata, 2444 
pseudorandom sequences, 935 
P subset, 502 
pure flowchart, 276 
quotient monoid, 1354 
recursive graph, 3468 
infinite regular 
subsets, 62 
Thue systems, 5 12 
trees, 1414 
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right completions, 487 
rule set, 2160. 2999 
schedule, 1846 
semantics, 1826 
sequence of inputs, 103 
infinite sequences. 2033, 2205, 2276, 2337, 2410, 
2708 
infinite sequences of 
E moves, 625 
letters, 616 
infinite sequences ofsymbols, 639 
processing -, 639 
infinite sequences 
of words, 746 
without repetitton, 383 
infinite set, 2160, 2313 
infinite sets of 
graphs, 613 
ground clauses, 1396 
infinite sets of rewrite rules, 1279 
schematization of -, 1279 









DOL languages, 326 
sequences, 383 
word problem, 1354 





states, R-x-automaton with -, 382 
streams, 961 
infinite strings, 2406 
of digits as real numbers, 480 
recursive -, 27 
infinite structures, 1076, 2222 
infinite subset, 2603 
of P, 62 
infinile sum operators vs non-guarded definitions, 
594 
infinite synchronous network, 905 




infinite systems, 1856 
infinite term, 3384 
rewriting system, 2999 
infinite 
terms as limits of infinite converging derivations. 
2878 
Thue systems, 406 
tournaments, 1262 
infinite traces, 2176, 2299, 2390, 3071, 3320 
concatenation of -. 2176 
definability on -, 3071 
domain of -. 2390 
rational sets of -, 2390 
space of -, 2920 
infinite tree 
automata, 1732 
languages. 853, 1007 
infinite tree logic programming. 892 
semantics of -, 892 
infinite trees, 256, 372, 511, 546, 699, 1050, 1579, 
1619, 1732, 1802,2031,2173,3575, 3844 
algebra of -, 546 
infinite trees, algebraic -, 5 1 1 
sets of -, 51 I 
infinite trees 
domain of -, 892 
fundamental properties of -. 5 I 1 
in semantics, 234 
infinite trees, metric 
interpretations of -, 234 
space of -. 892 
infinite trees 
representations of -. 438 
space of -, 325 
theory of -, 5 11 
infinite 
two-person games, 3844 
unfolding process. 2061 
value set, 2632 
weakly fair occurrence sequence, 1388 
infinite word, 3312, 3695, 3795 
languages, 860 
of Thue-Morse, 1180 
doubly -, 860 




combinatorial properties of -, 123 I 
generating -, 774 
infinite words, languages 
of two-sided -, 659 
with -. 836 
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infinite words 
Simon’s theorem for -, 746 
Sturmian -, 123 1 
theory of languages with -, 519 
with linear subword complexity, 1231 





proofs, 36 1 
infinitely many answers, 3682 
infinitely-flat semi-circular polygons, 1251 
infiniteness problem, 57 




calculus of Lukasiewicz, 1005, 3847 
distance automaton, 2552 
logic, 3847 
infinite-word languages, 836 
infinity 
of complete prefix codes, 243 
behavior at -, 726 




operator precedences, 2678 
infix+Mix code, 3633 
inflationary 
fixpoint logic, 3630 
interpretation of bounded fixpoints, 3530 
influence 
asymmetrical types of -, 486 
of noise and speed, 2455 
in-forests, 3238 
information, 1572.3334, 3587 
about contexts, 966 
adaptive -, 574 
base, 3 110 
coded by strings of indices, 958 
information content, 3014 
characterization, 125 
information 
context -, 966 
context-specific -, 2795 
information 
dissemination process, 2759 
domains, 3807 
domains of -, 271, 1318 
exchange, 2402 
exchanged -, 2144 
finite alphabetic -, 2176 
information flow, 2571, 3807 
treatment of -, 2571 
information 
inaccurate -, 3076 
incomplete -, 2026, 2533, 3328 
information, indefinite -, 2227 
or uncertain -, 3327 
information 
linear -, 451 
local -, 247 1 
logics, 1689, 3693 
maintaining 2-edge connectivity - dynamically, 
2472 
non-adaptive -, 574 
nondeterministic -, 575 
partial -, 2038, 2402, 2640 
processing, 1668 
information rate, 3003 
of graphs, 3003 
information 
repositories, 3809 
retrieval systems, 22 
sequence, 1355 
sharing, 965 
sideways -, 2746 
source tracking method, 2538, 2538, see also 
IST 
information storage, 22,61 
information storage and and retrieval, 3521 
mathematical model of -, 22 
information 
structure of a data space, 101 
structuring, 101 
information system, 1689 
language of an -, 462 
information systems, 1221, 1417, 2197, 2206, 2595 
category of -, 2206 
method of -, 2197 
tokens of -, 2595 
information theory, 3810 
bound, 23 
information transfer, 1085 
in VLSI circuits, 1085 
primitives, 3488 
information transmission, 1366 
information 
uncertain and/or incomplete -. 3334 
updating geometric -, 2655 
informational objects, 1673 
information-theoretic, 2514 
characterizations of recursive infinite strings, 27 
inherent 
ambiguity, 6 
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relative computational complexity, 5 13 
trade-off between the complexities of the update 
and retrieve transactions, 343 
inherently ambtguous, 1532 
context-free languages, 970 
EOL languages, 561 
inherently 
EOL-ambiguous, 561 
exponentially bounded problems, 3020 
non-deterministic, 216 
unambiguous sets, 604 
inheritance, 1444,2639,2652 
hierarchy, 2555 
multiple -, 3009, 3027 
inhomogeneous 
Markov chain, 3839 
queues, 3398 
lnit language operator, 161 
initial, 1698 
acyclic part of a graph, 3207 
initial algebra, 372, 1739, 1854, 3348 
initial algebra semantics, 548, 974, 1268 
algebraic specifications with -, 548 





algebras, 973. 2201, 2686 
collision, 21 16 
configurations. 3493 
constraints, 2683 





higher type algebras, 1859 
index, 25 15 
many-sorted algebra, 3 18 
marking constraints, 1827 








initial program, 1413 
executions, 3439 
initial 
segments of input functions, minimizing the -. 
481 
semantics, 603, 2577, 2776, 3378 
set, 2054 
solution of domain equations, 542 
solutions, 1195, 2032 
semantics, specification by -, 2879 









initial-algebra models, 2209 
initiality, 2065. 3694 
theorems. 2065 
initiator site. 1766 
mjections of summands, 1440 
injective 
automata, 630 
cellular automaton, 3285 





degree of -, 2364 




product algorithm, 2497 
products. 2497 
innermost 
normalization, strong -, 3013 
simple programs, 3557 
termination. 3245 
innocent critical pairs, 3386 
inorder traversal. 2604 
Inoue 
and Takanami, 507. 2393 
et al.. 1790, 1835 
input clauses, 2295 



















read-modes, 277 1 
relabeling, 1213 
relation, 2537 
size, 2489,2530, 2706 
string, 370, 942 
strings, 1186 
symbol, 905,942 
tape, 263, 861 
input tapes, 116, 2106 
rectangular -, 2696 
input 
terminals, 138 










correctness theories, 434 
examples, inference from -, 557 
function, 2008 
maps of dynamical systems, 1746 
operational behaviour of logic programs, 3377 
input-output pairs, 2362 
connected -, 2362 
input-output 
relation, 505, 554, 3023 
relations, 1213 
semantics, 358, 1067 
sequential machines, 1743 
set, 135 
specifications, 1791 
inputs, 2048, 2084.2107, 2115, 2163, 2283, 2323, 
2393,2415,2439,2473,2622,2633,2661, 
2662,2693,2757 
alternations on -, 215 
bounds on -, 29 1 
generic -, 2323 
infinite sequence of -, 103 
o, 216 
size of -, 70 
structural parameters of -, 285 
insensitivity, 2387 
inserting 
new arcs, 1770 
records, 1592 
inserting vertices, 2399 
order of -, 2399 
insertion 
closed language, 3508 
closure of languages, 3508 
costs, 3263 




insertion-base of a language, 3508 
insertion/deletion of vertices and edges, 1389 
time, 1389 
insertions, 1424, 1731, 1744, 2472, 2487, 2503, 
2715,2781,3399 
of new hyperarcs, 1357 
sequence of -, 27 15 




conjecture of Ko, Orponen, SchBning, and 
Watanabe, 3038 
measure, 3038 
of a string, 3038 
instances 
distribution on the set of -, 896 
of NP-complete problems, 910 
instances of SAT, 910 
with unique solution, 910 
instances 
of satistiability, 1507 
with unique solution, 910 
instantaneous 
aspects of semantics, 372 
communications, 1621 
synchronization events, 3432 
instantiable variables, 3318 
instantiation, 1408 
patterns, time -, 669 
instants 
arrival and departure -, 470 
limiting behaviour of event -, 470 
institution of Horn clause logic, 3377 
institution-independent, 3377 
institutions, 2577, 2644 
abstract algebraic -, 733 
for logic programming, 3377 
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set, 525, 990 
sets, 1843 
instructions, 2117, 2464 
conventional programming -, 509 
modelize assignment -, 2446 
instrumentation overhead, 3739 
jnsubstantiality of 
processes, 3356 
processess, 35 16 
insurmountable bounds, 1366 
integer 
base, 3462 
coefficients, 2073, 2765 
divisibility problems, 608 
integer division, 392, 488, 566, 1469 
integer division by two, 488 
power of -. 488 
integer division 
control power of -, 488 
power of -, 488 
integer functions, 724 
to inte&er functions, mapping from -, 724 
integer 
labels, 27 I8 
linear equations, 3067 
matrix, 1039 
multiplication algorithms, 998 
optimization problem, 1794 
order constraints, 2226 




integer sorting, 566, 3227 
complexity of -, 566 
integer 
valued matrices, 355 
vectors, testing -, 173 
vertex labelling, 2512 
weight, 210 
integers, 1440, 2073, 2079, 2121, 2171, 2226, 2325, 
2347,2348,2356,2391,2392,2428,2446, 
2454,2462.2526,2611,2760,2806 
mod p. 69 1 
modulo HI, 3498 
addition of -, 2073 
evaluation of -, 72 
fixed -, 2561 
mbit binary -, 2304 
n-bit binary -, 2304 
nonnegative -, 2360,240s 
periodic sets of -, 2428 
quantifier free theory of -, 261 
representation of -, 1226 
rings of - in number fields, 235 
star-free sets of -, 8.50 
theory of - under addition, 261 
integrability in the sense of Painlevt, 3594 
integrability of 
ordinary non-linear differential systems, 3594 
partial non-linear differential systems, 3594 
integral 
coefficients, polynomials in several variables with 
-, 667 
companion mrttrices, 3309 
domain, 812 
numbers, k-basis -, 185 
of a bounded real-valued function, 2991 
part of a number, 2983 
positions, 2493 
representations, 2385, 2714 
transform, 1852 
transforms, 27 I I 
integrals, 2385, 2714 
Cauchy -, 2385 
complexity of - of real functions, 419 
integrated costs, 1360 
integrating 
mathematical software packages, 3602 
processes, 1782 
integration, 2224, 2639, 2991 
contour -, 2714 
in finite terms, 3120 
numerical -, 3 194 
of codes, 1105 
integrity, 2388 




type equalities, 3027 
jntensional, 1554 
behaviour, 3688 
characterization of the largest bisimulation, 1034 
description, 2158 






strictness ordering, 2008 
typed h-calculus, 308 1 
type theory, 979 
interacting 




for loosely coupled systems, 486 
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interaction systems, 486, 3000 
optimal reductions in -, 3000 
interaction-free 
multivalued dependency sets, 1172 
MVD set, 1172 
interactive 
case, 2510 
identity machines, 3690 
input/output, 3690 
key distribution, 3837 
perfect zero-knowledge proofs, 2510 
interactive proof 
construction, 2534 
system model, 2568 
systems, 2177,2568 
interactive proofs, 2177 
multiple prover -, 2568 
interactive proof-system, 1573 
interactive protocol, 1573, 3837 




system, 2046.23 10 
systems, 3690 
inter-arrival times, 1013 
interchange condition 
for linear context-free languages, 1079 
linear context-free languages, 1079 
of Ogden, Ross and Winklmann, 1079 
interchange lemma, 1079 
interchanges of adjacent objects, 717 
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Koomen’s fair abstraction rule, 984 
K-oracle, 3554 
Korenjak and Hopcroft, 95 
branching algorithm, 471 
Korkine-Zolotareff reduction, 1025 
Kosaraju, 34, 256, 3520 
and Delcher, 1632 
Kosaraju’s BJ, schemes, 192 
Koskinen and Salomaa, 952 
Koubek, 1847 
Goralchikova and -, 1116 
Kounalis and Jouannoud, 2070 
Kowalevskaya and Gambier method, 3594 
Kowalski, 2347 
van Emden and -, 1607 
Kozen, 371,2986 
and Park, 343 1 
and Stockmeyer, Chandra, -, 1050, 115.5 
Harel, - and Parikh, 755 
Pratt and -, 1665 
k-parallel rewriting, 877 




Horn formulas, 3556 
k-queue machines, 2178 
KR (knowledge representation), 1689 
Kraft sum, 3094 
K-rational expressions, 1667 














nonvertical-stripe picture language, 2501 
picture language, 2501 
k-reversal-bounded 
picture language, 205 1 
regular picture languages, 2051 






structure, 371, 1046 
stmctures, 1123 
Kripke-like relations, 1067 
Kripke-style structures, 3693 
Krivine, 1549, 2446 
Krivine’s machine, 2591 
Krohn-Rhodes, 397 
Krohn-Rhodes decomposition, 1631 
theorem, 904,934,1145 
Krohn-Rhodes irreducibility, 1631 
Krom clauses, 3847 
Krom formulas 
complexity of satisfiability for -, 598 
decidable classes of -, 598 
satisfiability for -, 598 
with quantifier prefix, satisfiability of -, 598 
Krom logic, second order -, 2002 
KR-systems, 1689 
Kruskal and Snir, 938 
Kruskal’s tree theorem, 367 
Kbsa, 1659 
k-separated 
apex eNCE grammar, 1534 
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eNCE graph languages, 2306 
grammars, 2306 
graph grammar, 1534 
k-server problem, 2469 
k-sparse multivariate polynomials, 1578, 2613 




words in an L system, set of -, 489 
k-stack-counter, 2124 
k-structure generalization, 2506 
k-structures, 2506 
KT modal logic, 2063 
KT4 modal logic, 2063 
k-tape alternating Turing machine, 2177 
k-term subclass, 2613 
k-th level in the polynomial hierarchy, 1799 




k-th power-freeness, 465 
k-trees, 1661 
Kucera’s priority free proof, 1398 
Kuich and Urbanek, 641 
KUM (compact ultrametric space), 3537 
Kundu, 2287 
Kunen, 1796 
Blair and -, 1798 
Fitting and -, 3341 
Kunen’s 
completion semantics, 3247 
three-valued completeness theorem, 2298 
two valued completeness theorem, 1796 
Kung’s adder, Brent and -, 3193 
Kuratowski graphs, 752 
Kurka, 3221 
Kurtz. 1720 
Kushnirenko, Bernshtein and Khovanskii, 2529 
Kuzmin, 3659 
k-valued distance automaton, 2552 
L 
L code, 460 
L codes, 1584 
of bounded delay, 1584 
L 
form defining a family of languages, 88 
forms, 635 
L = L*, testing -. 3 12 
L languages, 477 




L systems, 952, 1563, 1636 
bibliography of -, 115 
problem book, 129 
L, norms, 3492 
Ltrecognizable, 2556 
LAA (lambda abstraction algebra), 2647 
LAA’s 
dimension-complemented -, 2647 
point-relativized functional -, 2647 
widest class of -, 2647 
label expressions 
channel--. 644 
in CSS, 644 
labeled 
2-structure, 2906 
acyclic directed graphs, 1135 
directed graph. 1190 
disjoint unions, 1423 
graph, directed -, 2996 
hypergraphs, 1459 






labeled tree families, 1329 
labeling, 2688 
labelings with minimal 
average distance, 391 
diameter, 39 I 
labelled 
l-safe nets, 3527 
arcs, 662 
arcs, trees with -, 662 
labelled combinatorial objects, 2498 
random generation of -, 2498 
structures, 2498 
structures, random generation of -, 2498 
labelled 
dag, 395 
data types, 1470 
domains, 2579 
event structures, 1336, 1702, 2039 
labelled events, 662 
pairs of -. 662 
labelled 
graph, 1370, 3422 
graphs, 2405 
X-calculus, 3 I 
partial orders, 2545 
partially ordered sets, partial algebra of -, 439 
poset. 1121 
P/T nets. 2016 
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rules, 2069 
subtrees, 1225 





labelled transition system, 3215, 3483 
semantics, 2482 
labelled transition systems, 1782, 2403, 2579, 2669, 
2804,290O 
labelled trees, 1225, 2247, 2697 
finite -, 510 
S--, 2951 
labelling, 1437.2133, 2338, 3457 
function, 2192 
integer vertex -, 25 12 
schemes, 938 




synchronization events, 662 
label-selective h-calculus, 3010 
Lachlan, 125 
Lacombe, 3 190 
Ladner, 3 15, 1804 
Lynch and Selman, 420,530, 1049 
Ladner’s theorem, 3490 
Lafont, 3444 
LAG (left associative grammar), 2077 
Lagois connections, 2589 
theory of -, 2589 
LA-grammars (left associative grammars), 2077 
Lagrange inversion formula, 2247 
Lagrangian interpolation polynomial, 826 
Lallement, 2550 
LALR( 1) context, 1004 
Lamarche, 2095 
hcalculus, 2148, 2313, 2647 
hcalculus, 
lazy -, 2376 
second-order typed -, 2639 
typed -, 2200,2322,2593,2742 
untyped -, 2647 
hdefinability, 2742 
characterization of -, 2742 
h 
abstraction algebras, 2647, see also LAAs 
Prolog, 2596 
terms, 2015, 2100, 2585 
h, p-calculus, 23 14, 2324 
h b. q-calculus, 2324 
lambda calculi, 1076, 1312 
extensional -, 3324 
model-theoretic studies of polymorphic -, 1312 
with restricted expansion rules, 3386 
hcalculus, 586 
lambda calculus, 178, 222, 239, 1122, 1134, 1487, 
1488, 1552, 1553, 1740,3384,3386,3690 
model, 1628 
nonextensional -, 810 
polymorphic -, 3374 
simply typed -, 3324 
calculus, typed -, 308 1 
hcalculus, typed -, 324 




term rewriting, 1552 
terms definable as combinators, 33 14 
expressions, computational properties of -, 858 
models, continuous -, 589 




L -calculus, 4 
h-b-calculus, 1072 
hp~calculus, 222 
hPnormal form, 1259 
hpreduction, 610, 3576 
Lambda-calculus, 1236 
calculation capacities of -, 1236 
classical -, 1236 
Lambda-calculus, second order typedh-calculus, 766 
Lambda-calculus with couples, 1236 
and projection rules, 1236 
Lambda-calculus with explicit couples, 1236 
I.-calculus, 559, 601, 610, 810, 858, 879, 895, 1126, 
1142, 1201, 1236, 1259, 1273, 1287, 1315, 






conjunctive-disjunctive -, 3176 
extended -, 3176 
for dynamic binding, 3686 
intensional typed -, 3081 
label-selective -, 3010 
mixed -, 1316 
models, 1321, 1628 
modulo a theory, 1273 
partial -, 1273 
polymorphic -, 2101.2323 
pure -, 589,3043 
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standard operational classification criteria, 2413 CLEAR, 612,615 
theory of -, 2321 
two-level -, 1316 
typed -, 237, 1341,2143,2146,2153,2318, 
2321,2322,2325,2588,2606,3009 
untyped -, 443 
well-typed formulae of -, 2146 
with constants, typed -, 1341 
h-calculus-theory, equational -. 1308 
kconfluent, 2549 
I-definable word function, 999 
h-expressions. 3 I. 1316 
X-free 
context-free language, 994 
context-sensitive, 390 
X-I-terms, P-equal -, 3088 
h-K-terms. closed -, 3088 
h-language, 999 
I-linearly bounded deque automata, 791 
h-model, 1628 
h-models, 601 
AN, extension of the h-calculus, 3686 
h-notation, 2593, 3042 
h-operator, 33 14 
Wrolog, 3248 
h-term, 1204, 1259, 33 14 
h-terms. 1764, 2097, 23 14, 2413, 2446, 3540, 3679 
closed -, 2314 
first-order typable -, 2041 
modulo !$-convertibility, 222 
typed -, 2689 
untyped -, 2445 
Lambda-Upsilon-Omega system, 1470 
&,-calculus, 1010. 2035 
Lambek, 810,2153,2203 
Lambek calculus, 3152, 3801 




Lamping’s optimal graph reduction, 3ooO 
Lamport, 522,3472,35 16,361l 
Abadi and -, 327 I 
snapshot algorithm, Chandy and -, 964 
Lamport’s partial-ordering models, 3472 
Landau, Yung and Galil, 1009 
Lando. Head and -, 888,3109 
Landweber, 476, 1786 
accepting conditions, 2134 
Langlois, 1227 










equation, 745, 778 
equations. 283. 778, 2488, 2500, 2503, 2724 
assertion -. 508 
data type -, 490 
language equations 
explicit -, 2724 
generalized -, 288, 863 
implicit -. 2724 
systems of -, 3421 
theory of -. 2488 
language equivalence, 47 
problem, 3491 
language 
factorial -, 1266 
families, 13, 344, 416, 643 
language for 
conjunctive and disjunctive sets, 3626 




generated by a prefix code, 52 
language generating power, 341 




hierarchy, 643, 1586, 2053, 2077 
inclusion problem. 2410 
layers. 3808 
learnability, 2666 
language learning, 2609, 2666, 3553 
by EFS, 1762 
from text. 3553 
language learning 
monotonic -. 2607 
monotonic and dual monotonic-, 2918 




not recognizable in real time, 3052 
language of a 
OL system. 5 
[k]-machine, 24 
language of 
all factors of all 2.paperfolding sequences, 2948 
ALNA, 794 
communicating sequential processes, 494 
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CSS, 644 
domain theory, 27 1 
factors of Sturmian sequences, 1346 
finitely typed functional programs, 1723 
function-free definite clauses, 3644 
generalized regular expressions, 1695 
Gem, address -, 295 
graph rewriting, low-level -, 1363 
h expressions, 3 1 
minimal strings, 1567 
net theory, 271 
palutators, 1075 
primitive words, 3039 
regular systems, 1221 
language 
operations, 982, 1564 
operator Init, 161 
operators, 161 
PL, 274 
mregular -, 713 
language processing, 3808 
language processing problems, 2729 
reformulating -, 2729 










super-nonsingular -, 618 
supporting recursion, 2993 
terms, 2096 
theoretical properties of Petri nets, 53 1 
language theory, 604, 1223, 1391,3086,3799 
of words of infinite length, 1043 
language 
translation, 3808 
type, 8 17 




local variables, 3268 
three levels, 3300 
language without 
empty word, 323 1 
recursion, 2993 








OL -, 129 
l-truth-table-hard -, 2220 
2-bounded -, 2285 
abstract families of -, 791 
acceptability of -, 791 
languages acceptable in exponential time, 54 
languages, acceptance of o--, 570 
languages accepted by 
alternating automata, 1155 
binary systolic tree automata, 1564 
blind multicounter machines, 149 
languages accepted by deterministic 
linear bounded automata, 28 
sensing simple one-way two-head finite automata, 
194 
languages accepted by 
machines, 1835 
nondeterministic one-counter automata, 1589 
languages accepted by one-way 
nondeterministic simple multihead automata, 540 
preset TM’s, 123 
languages accepted by 
polynomial space bounded TM’s, 47 
pushdown-like acceptors, 112 
SBTA’s, 3336 
systolic automata, 1069 
languages accepted in polynomial time, 17, 140 
languages 
address -, 295 
adherences of -, 440 
languages, algebraic -, 2027 
specification -, 555 
theory of -, 379 
languages 
almost cylindrical -, 3109 
alternating context-free -, 1267 
ambiguity of EOL -, 253 
ambiguous -, 561 
languages associated to 
Petri nets, 1765 
VAS’s, 1765, 1818 
languages associated with super-nets, 478 
languages 
bilateral centers of -, 487 
binary -, 588 
Brzozowski hierarchy of -, 956 
call-by-name -, 2594 
CCS-like -, 734 
centers of -, 487 
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chain -, 193 
characterization of LL -, 467 
closed under the openbracket, families of -, 37, 
114, 199 
codings of -, 129 
collections of -, 2609 
completeness of -, 22 
complexity of -, 532,932 
concatenation of -, 201 
concurrent constraint logic -, 2061 
constant -. 2724 
context free -, 2675 
languages, context-free -, 6,73,406,424, 551, 569, 
735,2053,2161,2231,2283,2365,2398, 
2405,2420,2428,2503,2614,2709,2760 
complexity of finite -, 567 
languages 
context-sensitive -, 424, 2077, 2511, 2674, 2704 
DOL -, 5, 326,466, 588, 609,694,2567, 2704, 
2760 
D’OL -, 2760 
DOS -, 424 
DlL -, 28 
database -, 2789 
languages definable 
by shuffle expressions, 294 
within three visits, 123 
languages defined by 
literal shuffle, 993 
pushdown machines, 763 
languages, defining - by rewriting systems. 441 
languages depth in EDTOL languages, 472 
languages, deterministic -, 219, 237 
context free -, 3172 
ETOL -, 2 1 
languages 
EOL -, 129,253,477,561 
EFDOL -, 2760 
enumerable -, 2213 
languages, equivalence, of -, 19 
languages, equivalence problem 
for simple -. 188 
of -, 635 
languages, 
erasable families of -, 26 
ergodic -, 44 1 
exponential-time -, 2177 
expressive power of -, 361 
extended rudimentary -, 140 
families of -, 214, 334, 390,441, 670, 2401 
languages, finite -, 299, 375 
DOL -, 442,466 
identification of -, 2609 
languages. first-order -, 509,2175,2225,2377,2636 
languages for distributed programming, 621 
languages, formal -, 21 IO, 2161, 2233, 2247, 2283, 
2309,2448,2508,2607.2614 
fully abstract models for -, 75 
functional logic -, 2680 
transformations preserving -, 229 
languages, generalized 
DTOL -, 2427 
parenthesis -, 599 
languages generated by 
deterministic Lindenmayer systems, 28 
Petri nets, 1827 
two-level gramars, 554 
languages 
HDOL -, 2760 
HFDOL -. 2760 
hierarchy of -, 3055 
higher-order -, 2035 
Horn clause -, 2276 
hyper-algebraic -, I3 
hypergraph -, 2 128 
indexed -, 3185 
infinitary -, 606 
infimte class of -, 2164 
inherently ambiguous EOL -, 561 
languages intermediate between sentential and 
predicate calculi, 22 
languages 
intersection of DOS -, 424 
L -, 477 
lazy data flow -, 2992 
languages, left 
center of -, 487 
concatenation by -, 956 
languages 
limited regular -, 461 
linear Indexed -, 622 
LL(k) -, 19, 257,618 
LLP(k) -, 334 
LLR -, 464 
LL regular -, 464 
local -, 3045 
[log n] space -, 41 
logspace-reducible, 2365 
low-level imperative -, 2056 
languages, LR -, 92 
regular -, 464 
languages 
LR(0) -, 92 
LR(k) -, 92, 257 
minima1 automata of -, 768 
models for -, 22 
multiparenthesis -, 619 
multi-pattern -* 2670 
MULTI-RESET, BNP, Q, 670 
natural -, 2056 
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n-CF-ambiguous -, 254 
NDOL -, 2760 
nesting properties of -, 599 
non context free -, 3172 
non-context-free -, 73, 2500 
languages, nondeterministic -, 760 
finite-automaton -, 2283 
languages 
N.T.S -, 619 
object-oriented -, 2652 
languages of 
behaviours, 593 
dot-depth two, 1118 
finite traces, 3320 
multidimensional trees, 1586 
net theory, 271 
pattern grammars, 2892 
Petri nets, 1783 
single letter alphabets, 62 
two-sided infinite words, 659 
trees, special -, 379 
languages 
W--, 216,476,639,640,684,779, 1254 
etree --, 2540 
on one- and two-letter alphabets, 532 
one counter -, 447 
one-symbol -, 2135 
operational semantics of -, 374 
operations on -, 294 
ordinary equivalence problem between -, 635 
languages over 
disjoint alphabets, 293 
single letter alphabets, 532 
languages 
parallel -, 2547 
parenthesis -, 2355 
parser-independent definition of -, 2678 
pattern -, 2607 
P-bi-immune -, 2603 
PCF style -, 2594 
periodic -, 551 
periodicity of -, 487 
Petri net -, 767, 2420 
<fl, -complete -, 2603 
languages polynomial-time truth-table reducible, 
2668 
languages,, quadratic residuosity -, 2510 
languages, rational -, 2027, 2103, 2212, 2730 
W--, 526 
languages 
recognition of -, 693. 751 
recognizable -, 3045, 3071 
languages recognized by 
a monoid, 1667 
an injective automaton, 630 
deterministic reversal-bounded multipushdown 
machines, 722 
finite automata, 767 
two-way deterministic FAM’s, 40 
languages 
recursive -, 2077, 2666 
recursively enumerable -, 390, 3076 




conditions for -, 783 
of context-free -, 55 1 
languages, 
representation of trees by -, 126, 132 
representations of -, 533, 2547 
right center of -, 487 
semantic definition of -, 318 
languages, sequences of -, 85 
finite -, 299 
languages, simple, -, 19 
deterministic -, 219 
languages 
simulations of-in another, 9 
slender -, 2309,2519 
specification -, 2033,248l 
languages specified by relative acceptance, 140 
languages 
square-free -, 326 
strict deterministic -, 219 
string -, 2459 
subword complexity of -, 326 
syntactic monoid of -, 52 
testable -, 3041 
test sets for -, 653 
that are supports of rational series, 18 10 
TISP(T(n), S(n)), families of -, 225 
transductions of -, 148 
tree -, 2031,2407,2415,2459 
typed object-oriented -, 3009 
union of -, 201 
vacillatory identification of -, 2609 
languages, value-passing -, 2632 
process -, 2632 
languages, *-varieties of -, 297 
languages with 
a fair distribution of letters, 653 
approximations, 3626 
block structure, 3 18 
counter, 1430 
explicit recursion operators, 2993 
fair distribution of letters, 653 
homomorphic replacements, 344 
Subject Index Volumes I-200/Theoretical Computer Science 213/214 (1999) 5-436 211 
homorphic replacements, 344 
infinite words, 519, 836 
inverse syntactic momoid, 1253 
iteration or recursion, 519 
iterations, infinite computations in -, 519 
process creation, 1137 
langua&es with the 
finite power property, 3 12 
negative prefix property, 253 
languages 
with uniform concurrency, 961 
X--, 299 
language-theoretic 




language-theoretical representations, 1254 
Lankford, 862 
Laplace transform. 1474,271l 
large application benchmarks, 1210 
large assemblies 
models of -, 798 
of computing elements, model of -, 798 
large 
bodies of text, 1184 
categories, 2155, 2579 
circuit, 262 
class, 1213, 1285, 1307 
classes. 2016. 2028, 2127, 2225, 2379, 2465, 
2510.2711. 2750 
combinational complexity, 870 
deviations, 2922 
factors, 202 I 
large families, 2784 
of languages. 86 1 
large 
finite sets, 628 
monotone complexity, 870 
Petri nets. 1451 
primes, 176 
scale programming, 256 
size, 2583 
software system specifications, 1557 
superlinear lower bounds, 870 
systems, 2385 
primes, generation of -, 306 
large-scale 




Cartesian closed category of domains, 539 
category of domains, 539 
common initial subtree, 1832 
congruence, 52,779, 1213 
integer in a VASS, 891 
monotone non-decreasing function. 12 17 
preparator functions, 1127 
prime factor, 7 1 
right factor. 1143 
sum segment problem, 1185 
tree in a random graph, 479 
lark combinator, 2147 
Larsen, 1558 
Larsen-Thomsen modal transitive systems, 2067 
Las Vegas 
algorithms, linear time -, 3068 
polynomial time, 3068 
last-birth problem. 27 18 
late 
binding, 3424 
bisimulation equivalence, 2632, 3526 
semantics, 2754 
latency, 3737 
network -. 2926 
LATIME 
complexity class, 483 
linear alternation time, 483 
Latin square isotopism problem, 2395 
lattice 
basis reduction algorithms, 1025 
complete -, 338, 482, 3001 
distributive -, 882 
embeddings. 1804 
graphs, 2709 
model, Scott’s -. 222 
lattice of 
all subsets, 1152 
codes. 35 19 




families of languages, 1103 
hard cores, 1152 
ideals of a partial order, 3 173 
monotonic predicate transformers, 1858 
NP sets, 502 
programs, 698 









properties of finite structures. 882 
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lattice reduction algorithm, 2344 






lattice-Bessel functions, 2389 
lattice-ordered semigroup, 331 
lattice-point, 1073 
lattices, 1156, 2195, 2278, 2392, 2537, 2563, 2773, 
3193 
lattices, category of 
algebraic -, 536 
Scott’s continuous -, 536 
lattices 
circuits over -, 3 193 
continuous -, 338 
continuous complete -, 2324 
distributive -, 2197, 2692, 3173 
flat -, 3001 
of global states, 3731 
semimodular -, 2563 
simplicial -, 3173 
lattice-theoretic representation theorems, 1804 
Laubie theorem, Bore1 and -, 3304 
Lautenbach, 304, 2017 
Genrich and -, 304 
law of the excluded miracle, 3023 
Lawler, 1420 
laws, 2224.23 15 
O-l -, 2222 
dynamical -, 2620 
evolution -., 1366 




Occam programming, 1138 
physics, 493 
wps(-). 3023 
laws, program level -, 2805 
Lawvere, 510, 1315, 1371,3426,3578 
algebraic theories, 13 11 
hyperdoctrine, 2095 
lax cocxponents, 2881 
layer size, 2676 
layered graphs of width two, 1577 
layering, 2409 
of a program, 1416 
layers, 2490, 2523 
of pixels, 834 
layout 
area of Boolean circuits, 1805 
parameters of a graph, 921 
layouts, 1833 
lazy 
abstract machine, 1549,259l 
adversary, 2122 
computation, 1602, 3384 
lazy data flow 
deadlock, 2992 
languages, 2992 
lazy evaluation, 1076, 1125, 2270 
scheme, 3601 
lazy functional language, 2595 
lazy functional languages, 1287 






L(BSTA), class of languages accepted by binary 
systolic tree automata, 1564 
LC*, category of complete lattices and 
chain-*continuous maps, 83 
LC 
grammars, 3 13 
tests, 3 13 
LC(0) grammars, 1243 
and languages, 1243 
LC(0) languages, 1243 
LCF, 1037 
axioms, 103 
logic for computable functions, 103, 109 
logic of computable functionals, 849 
theorem, 103 
LCFS-PR queuing discipline, 2075 
LC(k) grammars, 1243 
LCM, computation of -, 3233 
least comon multiple, 3233 
LCNS (longest common nonsupersequence), 2710, 
2734 
L-codes, 460 
unary -, 460 
LCS (longest common subsequence), 1466, 1703, 
2757 
LCS algorithm, 1703 
problem, 2757 
Ld (language for directed design), 1444 
LDM (logical data model), 2223 
L-domain, 1323 
L-domains, 2150 
distributive stable -, 2150 
b (eraser Turing machine class), 1613 
Le Metayer, Banatre and --, 1781 
leader election 
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problem, 1038, 3729 
protocol, 3458 
leader finding, 1520 
problem, 1207 
leader-election problem, 3458 
leads, chance -, 2360 
leads-to, 2636 
proposition, 2636 
intended semantics -, 2636 
leaf-size bounded 
computations, 537, 1269 
two-dimensional ATM’s, 1269 
leaf-size complexity measure, 537, 718, 1269 
leaf-size hierarchy, 1269 
of two-dimensional ATM’s, 1269 
leaf-tree data structure, 458 
learnability, 1618, 2666 
definition, 3181 
case-based -, 2607 
learnability from 
noisy informant, 3554 
text, 3554 
learnability of 
concepts, 3 18 1 
decision procedures, 3095 
target classes, 3550 
learnability 
polynomial-sample -, 2611 
results, 2607 
learnable 
concept class, 1618 
families, 2666 
from positive examples, 3552 
with respect to a distribution, 1618 
learned knowledge, 3084 
learner, 2613, 2666 
prudent --, 2666 
learning. 1428, 2431, 2537, 2607, 2612, 2613, 2670, 
3076,3095,3443 
learning algorithm, 3552, 3555 
for k-reversible languages, 3552 
Angluin’s -, 3427 
learning 
algorithms, 1428, 3026, 3443, 3551 
anomalous -, 3095 
approximately regular languages, 3427 
automated -, 3084 
as a homotopy. 3084 
capability, 243 1 
case-based -, 2607 
computational -, 2431 
context-free grammars, 1428 
counting functions, 3347 
deterministic even linear languages, 3552 
disjunctions of counting functions, 3347 
domain, 3 177 
domains, 3076 
elementary formal systems, 1762 
environments, 3 177 
exact -, 2613 
framework of -, 243 1 
learning from 
examples, 1848 
imperfect environment, 3076 
learning in the limit, 3554 
learning machines, 2609 
aggregating teams of -, 2609 
multiset of -, 2609 
team of -, 2609 
learning method, 1618 
learning model, 2294 
Gold’s -, 3076 
learning 
models, 3443, 3553 
nested differences, 3555 
new predicates, 3557 
noisy data, 2612 
learning of 
indexed families, 3553 
logic programs, 3557 
learning 
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service requirement, 1212 
meanders 
combinatorial properties of -, 2256 
projective -, 2256 
meaning of specifications, 2879 
meaning-preserving translations, 2648 
meanings, algebras of -, 372 
meanings 
for program statements, 3023 
of the program constructs, 3023 
measurable hypotheses, 3333 
measure 
0, 1512 
approximation -. 2998 
departure instant -, 470 
measure for 
descriptional complexity, 3532 
the significance of reduction, 586 
measure 
in abstract complexity theory, 3004 
modified time complexity -, 532 
measure of 
bounded error, 3098 
complexity, 118, 3141, 3468 
descriptional complexity, 3360 
expressive power, 3630 
hardness. 3492 
program improvement, 1372 
the complexity of equivalences, 449 
measure 
one, recursive -, 3004 
resource bounded -, 3201 
measure theory, 3445 
and integration, 2991 
measure zero. 1512 
effective -. 3004 
measured sets, 1637 
measurement of contmuous variables, 3057 
measures, 2084,2223,2246,2419,2603,2614,2697, 
2698,2731,2769,2793 
dependability -, 2441 




measures of depths of nestings, 535 
measures 
outer -, 26 14 
performability -, 2441 
similarity -. 2607 
well-founded -, 2330 
measuring the complexity of languages, 932 
mechanical 
certification, 1436 
procedures, 20 14 
mechanical theorem proving, 59, 1399 
parallel numerical method of -, 1399 
unification in -. 59 
mechanism, 423 
mechanism of 
global choice, 3529 
well-founded decomposition, 595 
mechanisms 
efficient induction -, 2536 
escape -, 2049 
generalization inference -, 2534 
mechanistic philosophical stance, 513 
mechanizable recursion induction principle, 449 
mechanization of proof constructions, 1750 
mechanized 




inductive proofs, 2070 
*order type theory, 59 
structural induction, 195, 196 
medge graph, 2565 
medial axis, 3227 
of a convex polygon, 3227 
median. 263, 3 166 
240 Subject Index Volumes l-2001 Theoretical Computer Science 2131214 (1999) 5436 
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meet irreducible, 3 173 
meet of two rational 
codes, 35 19 
maximal codes, 3519 
meet operation, 3173, 3519 
in lattices, continuity of the -, 546 
meet-over-all-paths solution, 3274 
meet-over-all-valid-paths solution, 3274 
Mehlhorn and Galil, 182 
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mechanisms, 732 
Meijer, Fokkinga, and Paterson, 3319 
Meinel, 1178 
Melas code, 1753 
Mellin 
integral transform, 1852 
transform asymptotics, 27 14 
transforms, 2356,2711,2714,2716 
Mellin-Perron formulae, 2356 
Mellin-transform techniques, 2116 
Mellish, logic programs of -, 2682 
membership, 1457,2079,2103,2558, 3628 
algorithm, dynamic programming -, 731, 877 
decidability of -, 711, 907 
deciding -, 239 
in languages, 3479 
in NP, reduction preserving -, 409 
in P, 1527 
NP-hardness of -, 73 1 
membership problem, 656, 674, 711, 877, 1041, 
1582, 1650,2051,2128,2501,2508,3152 
completeness of the -, 57 
membership problem for 
bounded language families, 1634 
data dependencies, 674 





solvability of the -, 450 
with categorial grammars, solution of the -, 3 152 
membership problems, 877, 1717 




testing, 809, 3100.3303 
undecidability of -, 907 









functions with -, 2057 
game, 2140 
group, 2385 




perfect -, 2140 
requirements, 3353 
role of -, 2652 
shared -, 2434 
space, 3141 
space, requests for -, 446 
systems, 185 1 
use of -, 948 
memoryless 
processors, 3336 
source, 27 16 
strategies, 3844 
Mendler and Aczel, 2201 
Menegus and Bossi, 2327 
ME0 (minimal elimination ordering), 2565 
problem, 2565 
merge, 664, 880, 3557 
of communication sequences, 62 1 
fair -, 381 
formalism for -, 880 
recursion with -, 664 









of many-ordered lists, 1566 
regular processes, 880 
Merlin, 93 
Merzenich and Kaas, 3084 
Meseguer, 359 
and Montanari, 2028 
Goguen and -, 1742 
Goguen, Jouannaud and -, 1739 
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mesh, 2443, 2659.2660 
architecture, 3482 
network. 2660 
of trees, 1386 
rectangular -, 2307 
two-dimensional -, 2467 
mesh-connected networks, 2307 
meshes of arbitrary topology, 3240 
message 




message passing. 1766 
networks, Kahn’s data flow -, 2992 
message-passing C, 3732 
meta theory of linear logic, 3248 
metacircular interpreter, 1664 
metacircularity. 1664 
metalanguege. 1236, 1067, 1440, 1485, 3009 




operation of substitution, 3318 
structures, 2096 
metalinear languages, 344 
metamathematics, 3502 
metaprogramming, 1340, 1664 




MetateM temporal logic system, 2635 
metatheorem for 
decision problems, 464 
undecidable properties of formal languages, 464 
metatheorems. 23 12, 2689 




higher-order lambda calculi, 1312 
method of 
recursive path orderings, 727 
thinning, 834 
methodological logic programming, 1414 
methodology for building calculi, 1387 
for logics, 1387 
methodology of CCS and CSP, 3453 
methods 
asymptotic -, 2720 
cubic time -. 2303 
divide-and-conquer -. 2565 
effective -, 2548 
graph theoretic -, 2362 
greedy -, 2659 
methods, homotopy -, 253 1 
construction -, 2531 
methods 
insertion -. 2399 
multidimensional quasi Monte-Carlo -, 2346 
octal -, 2463 
standard tableau -. 2477 
suboptimal -, 2656 
user-defined -, 2224 
Mitivier, 2339, 2900 
Metivier’s result in trace theory, 2804 
metric approach, 2576 
metric case. 2576 
metric completion. 664, 1345, 2803, 2951, 3203 
of the colleclion of finite processes, 664 
metric 
condjGons for small cancellation groups. 980 
group action, 1233 
interpretations of infinite trees, 234 
methods, 1619 
on the free monoid, 1104 
metric semantics, 1408 
for concurrent Prolog. 1408 
metric 
setting, 3310 
space. 1604, 3542 
space. complete -, 234 
metric spaces. 325, 1345, 1408, 1427, 1829, 2182. 
2399, 2426,2469,3190,3216,3426. 3438. 
?345,3578 
admissible representations of -, 2182 
compact -, 275 1.2991 
partial -, 2992 
separable -. 2 I82 
metric spaces with Polish topology, 325 
computability on -. 325 
metric structures, 1137 
metric temporal 
logic, 2626. see u/so MTL 
lo&ic of linear orders, 3525 
logics, 3525 
metric 
topology. complete -. 498 
version of the Yoneda embedding, 3578 
metrical task systems, 3542 
metrics, 2076, 2576 
induced -. 568 
Meyer, 27. 226. 675. 1317 
Meyer and 
Paterson, 1800 
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Bruss and -, 226 
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Loveland and -, 27 
Mayr and -, 839 
Seiferas, Fischer and -, 532 
Meyer’s theorem, 27 
Meyer-Stockmeyer hierarchy, 530 
Mezei, Elgot and -, 114 
Mezei’s theorem, 947 
Mezghiche, 3576 
mgu lemma in logic programming, 2449 
MH (Min-path heap), 2781 
construction algorithm, 2781 
Micali and Rackoff, Goldwasser, -, 1573 
microscopic reversibility, 1366 
middle, excluded -, 2315 
Mignosi, Luca and -, 3511 
Mignotte, Berstel and -, 136 
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Miller, Karp and -, 1765 
Miller Ramachandran and Kaltofen’s algorithm, 3 193 
Miller’s time bound, 2395 
Millour, Beauzamy, Frot and -, 33 11 
Milne, 274 
Milner, 31, 594,644,700,732,976, 1123, 1415, 
1619, 1639, 1781,2376,2571,3298 
et al, 2957 
Hennessy and -, 679,760 
Milner-Parrow-Walker calculus of mobile processes, 
1781 
Milner’s 
axiomatization of strong bisimulation, 2919 
bisimulation equivalence, 2009 
calculus of communicating systems, 3389 
CCS, 1034, 1665,335O 
CCS processes, 3310 
derivation trees, 33 10 
extension of SCCS, 3298 
many step derivations, 1415 
notion of confluence, 2011 
observation equivalence, 976 
Milner’s observational 
congruence, 2743 
equivalence, 1034, 1397, 1415 
Milner’s 
sees, 971 
strong bisimulation, 3621 
synchronous calculus, 593 
r-laws, 727 
mitt aggregate operation -, 2538 
min cut 
for edge weighted trees, 1112 
for planar graphs, 1112 
linear arrangement problem, 1112 
min operator, 1799 
randomized -, 2469 
mincing rank, 1163 
minima, computation of -, 3184 
minimal 
a-b separators, 335 1 
algebra, 1854 
algebras, 1591 
automata associated with @languages, 3513 
minimal automaton, 7, 1266, 2579, 2690 
minimal automaton of 
a language, 768,314l 
an event, 678 
minimal 
average distance, labelings with -, 391 
bilinear algorithms, 1609 
broadcast digraph, 2380 
cancellative automaton generating, 2579 
circuit, 617, 1730 
computable parameters, 1591 
conflict, 1777 
constraint sets, 3625 
continuous functions, 338 
contradictory subformula, 3096 
minimal cost 
placement, 3292 
solution graphs, 499 
minimal covers, 3599 
minimal deterministic automaton, 596 
classical -, 1266 
for regular languages, 596 
minimal deterministic presentation, 2996 
minimal 
diameter, labelings with -, 391 
diameters of - graphs, 2772 
differential representation of noncommutative 
polynomials, 1476 
elements, 2287 
elimination ordering, 2565 
equivalent LTS, 3483 
factor transducers, 876 
fans, 3599 
fill-in, 2565 
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generating sets, 3599 
generators, 1024 
graph of a tree. 596 
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minimal HP-degree, 1462 
minimal ideal of M(A*), 52 
minimal identification, 3495 
for Godel numberings, 3495 
in Kolmogorov numberings, 3495 
minimal 
interpretation, 3081 
interpretations of formulas, 1365 
irreducible deterministic automaton, 1266 
keys, 3625 
length solution, 1404 
minimal linear 
and regular language, 706 
language, 692 
minimal matrix representation, 1446 
minimal model, 1309. 2797 
of a disjunctive logic program, 2850 
semantics, 3 133, 3392 
minimal models, 2850 
of logic programs. 2850 
minimal network, 2023 
algorithm. 3363 
minimal nonisomorphic asynchronous automata, 
2505 
minimal nonplanar subgraphs, 723 
minimal nontrivial congruences, 712 
algorithms for -, 7 12 
in group, 712 
minimal 
nontrivial objects, 7 12 
number of v-gates, 2022 
0’ -automaton, 2690 
minimal pair, 315, 3496 
no upper bound results, 315 
of noncomplete sets, 315 
theorem, 602 
minimal pairs, 602, 2507 
of polynomial degrees, 29 
arbitrarily complex -, 602 
minimal path length, 2701 
minimal pattern-matching automata, 1641 
minimal polynomial, 2983 
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generators, 3508 
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minimal sets, 992 
minimal size of a 
Boolean network, 206 
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minimal solutions, 2444 
minimal staged networks, 2023 
destgning of -, 2023 
minimal star-height, 596 
rational expressions of -. 596 
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string problem, 1567 
strings, 1567 
subalgebra. 264 1 
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time solution to FSSP, 975 
transition system, 2641 




upper bound, 1182 
minimal-size programs, 27 
minimal-state automaton, 35 13 
of a language, 35 I3 
minimal-state realizations, 1854 
minimization. 1653, 1825 
minimization of 
acyclic deterministic automata, 1713 
energy functions, 1503 
finite automata over semirings, 1653 
minimization 
problem of SBTA’S. 3336 
procedures. 2620 
minimize makespan, 3239 
minimizing 
sequential transducers, 3520 
states, 2458 
minimizing the 
average distance, 3504 




automaton accepting T, 250.5 
cellular automaton, 2505 
minimum 
broadcast time problem, 2759 
clique cover, 3211 
communication delay, 133 1 
minimum cost 
of converting a string, 3399 
tension problem, 3722 
minimum cut, 3476 
arrangement for trees, 3476 
minimum 
cut-off ratio, 2609 
cyclic schedule length, 1846 
degree, 2380 
deterministic finite-state machine, 1567 
dominating set, 1164, 3211 
till-in, 2565, 3408 
finite-state machine, 3360 
independent dominating set, 3211 
interval graph completion, 3408 
latency, 3737 
minimum length linear arrangement problems, 3476 
minimum length partitions, 1251 
of polygons, heuristics for -, 1251 
minimum length 
paths, 1770 
tree layout, 3476 
triangulations, 125 1 
minimum 
model semantics, 3584 
prime DNF representations, 3404 
rectilinear -, 2657 
minimum size 
OBDDs, 2723 
of representations, 2052 
minimum spanning tree, 3464 
problem, 2076 
minimum spanning trees, 1119 
minimum 
star height, 1694 
storage sorting, 11 
system of FDs, 506 
time, 2380 





minimum weight DC, 1690 
minimum weight partitions, 1251 
of infinitely-flat semi-circular polygons, 1251 
minimum weight 
transversal, 1048 
triangulation problems, 1251 
minimum weighted 
colouring of triangulated graphs, 1842 
dominating clique problem, 1690 
minimum-comparison-merging, 286 
minimum-ratio spanning tree problem, 3464 
Minker, 1727 
Minkowski reduced lattice bases, constructing -, 815 
Minkowski-reduced basis, 3397 
Minkowski’s diagonal continued fraction, 1229 
ergodic properties of -, 1229 
min-max heaps, 1576 
mitt-only constraints, 3369 
minors of graphs, 1291 
Min-path Heap, 2781 
minpath operation, 1770 
Minsky, 3219,3283 
Minsky-like solutions, 2429 
Minsky’s solution of FSSP, 3219 
minterpretation, isolation lemma for -, 430 
minterpretations, 430 
of EOL forms, 430 
isolation lemma for -, 430 
miracles, 1858 
Miranda, functional language, 1363 
Mirkowska and Orlowska, 437 
mirror image, 2341 




octal games, 1787 
play finite octal games, 1787 
mismatch, 1382 
weight function, 1510 
mismatches, 848, 1510, 1712, 998 
problem, 1510 
mismatching characters, 1382 
Misra 
and Chandy, 2636,327l 
Chandy and -, 1754 
missing binomial coefficient identities, 2360 
missing data, 3076 
mistakes, 3095 
MIT data flow machines, 764 
mixed 
computation, 374, 1340, 1671, 1673 
constraints, 3683 
h-calculus, 13 16 
computation, user control over -, 1340 
mixed ordering, 2 192 
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mixed powerdomain, 2038 
mixed product, 947 
of automata, 947 
mixed queueing networks, 12 I2 
with rejection. 1212 
mixed 
search game, 2617 
searching, 2617 
stochastic system, 2929 
mixed stochastic/nonstochastic systems, 2929 
hidden state estimation of -, 2929 
simulation of -, 2929 
specification of -, 2929 
mixed 
subsequence problems, 27 10 
supersequence, 27 10 
volume, 2529 




product of languages, 606 
Miyano et al., 3557 
ML, 1663, 1723 
functional language, 1363, 2317 
ML programming language, 1723, 2334 
conservative extension of -, 2334 
ML-like languages, 1312 
polymorphic type system, 1662 
programming language, 1423 
MLOG, strongly typed functional language with 
logic variables, 2334 
programs, 2334 
MLP (multidimensional logic), 3584 
MLP programs. 3584 
M x M template, 2600 
III x n chessboard. 25 I3 










mechanisms of then-calculus, 3277 
Mobius function, 1463, 1768 
of a free partially Commutative monoid, 1463 
of subword order, 18 11 
Mobius functions, 2105, 2245 
combinatorial theory of -, 2105 
words of -. 2105 
MOCA (multiprocessor algorithm for real time 
scheduling), 2437 
MOD, P (complexity class), 2163 
modal 
algebras wtth homomorphisms, category of -. 
2986 
assertions, 709 
characterization of parametrized bisimulation 
equivalence, 966 
modal frames, 2986 
with contractions. 2986 
modal Horn clauses, sattsfiability of -, 2447 
modal language, 760 
modal logic, 1070, 1219, 1597. 1665, 1698 
finitary -, 2986 
over databases, 1070 
programming, 2063 
propositional -. 552 
modal logics. 971. 1159. 1689, I782,2063, 2154. 
2191.2195,2447.2648,3382 
for Mimer’s SCCS and CCS, 971 
first-order normal -, 2450 
normal -, 2450 
modalp-calculus, 1397. 1665, 1779, 2403. 2406 
completeness of the -, 2986 






operators, 709, 2063, 2154, 2195, 2763, 3334 
proof system, 2279 
propositional logics, 2447 
modal resolution, 1219 





transition systems, 2067 
modalities, 414, 2154, 2574 
backward -. 2648 
past-time -, 2787 
modality, 709, 1495 
“of course”. 972 
modal+ formulae, 2440 
mod-classes, 1403 
mode 
computing -, 259 
of a multiset, 259 
model 
based comparison, 3340 
building, 3847 
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categories, 3437 model semantics, 2183 
cellular automata, 2509 perfect -, 2145 
checker, efficient -, 753 supported -, 2040 
model checking, 1123, 1558, 1665, 1779,2403,3527 model 
approach, 2033 
problem, 1216, 1547.2033 
the modalv-calculus, 1558 
undecidability of -, 1216 
model 
class semantics, 830 
concurrency, 2007 






reduction rule, 2048 
model for 
computations, 1572 
measure theory, 3445 
metric spaces, 3445 




hybrid systems, 2620 
inference, 1762 
fully abstract -, 963 
Knuth’s -, 1360 
monotone -, 262 






concurrent computation, 1678 
Girard’s system F, 1078 
nondeterministic a synchronous processes, 
Brock-Ackerman -, 534 






model of the 
polymorphic lambda calculus, 1122 
real numbers, faithful computational -, 2995 
model of ZFC, 3502 
model 




systems, 2299, 2440 
theoretic forcing, 1070 
model theory, 361,1082,1252,1387, 1778,2222, 
2578,3337,3373,3387 
ofp-algebras, 1847 
first-order -, 509 
model-checking, 2787 
algorithm, 1558 
symbolic -, 2620 




for global optimization, 3361 
modeling 
languages, 3361 
power of contacts, 3064 
modeling unbounded nondeterminism, 2630 
difficulties of -, 2630 
modelize assignment instructions, 2446 
modelling interaction machines, 3690 
modelling of 
continuous variables, 3057 
local-variable declarations, 1600 
mobility, 3277 
modelling polymorphic types, 2203 
modelling power, 1489 
of free-choice nets, 3064 
modelling 
process behaviours, 606 
program control structures, 710 
modelling queueing systems, 2720 
benefits of -, 2720 
modelling symmetric systems, 3213 
models, 931, 950, 953, 963, 1333 
behaviour -, 263 1 
categorical -, 2591.2742 
CCC -, 2742 
cellular array -, 2691 
classical -, 2338 
compositional -, 2327 
connected -, 2263 
constructing -, 2049,2324 
contrasting -, 2010 
convergent -, 2209 
coordinatizing environment -, 2647 
DTM -, 493 
elementary -, 2324 
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filter -, 2324 
models for 
ACP,, 727 
complexity of evaluations, 72 
compression schemes, 500 
concurrency, 662.3063.3214 
distributive systems, 1391 
equivalences of programs, 256 
models for first order dynamic 
language, 366 
logic, 36 I 
models for 
formal type assignment, 895 
languages, 75 
paging systems, 87 
parallel programs, 627 
processing systems, 520 
propositional dynamic logic, 1698 
space bounded relative computation, 117 
systolic VLSI trees, 453 
unfoldment of loops, 546 
unprovable programs, 698 
VLSI, 580 
models 
formal -, 2112.2130.2225.2280 
generalized -, 2672 
hybrid systems -, 2622 
initial-algebra -, 2209 
models invariance across models, 1335 
models 
isomorphism of -* 96 I 
Kripke -, 2154 
h--. 601,878 
models, Markov -, 2442 
reward -, 244 1 
models 
Markovian -, 27 16 
mathematical -, 2039,2505 
noninterleaving -, 2157 
nontrivial -, 2324 
models, object-based -, 2790 
data -, 2790 
models of abstract data types, 650 
models of abstract types, 372 
by algebraic methods, 372 
models of 
assemblies of computing elements, 798 
combinatory logic, 1321, 1797 
computation, 493, 824. 856, 1214, 3289, 3621 
computations, 1214 
concurrency, 764, 1776 




data abstractions, 414 
databases, 1467 
editing environments, 1375 
finite acyclic process graphs, 727 
graph grammars, 613 
growth of filamentous organisms, 28 
hierarchical abstract data types, 650 
intuitionistic set theory, 13 12 
languages, 22 
large assemblies, 798 
logics, 1317 
loops in flow charts, 510 
lower-bound proofs, 1011 
map theory, 3502 
multicellular growth, 32 
nets. 818 
non-sequential processes, 560 
@type Turing acceptors, 116 
parallel computation. 1281, 1335, 3093 
parallelism, 36 
Petri nets, 8 18 
planar digital circuits, 493 
practical compression methods, 500 
satisfiable SDPDL formulas, structure theorems 
for -, 541 
sketches, 973 
models of the 
polymorphic h-calculus, 13 15 
typed ~-calculus, 1201 
untypedh-calculus, 443 
models 
of types, 1082 
G--. 601 
over A-expressions, 858 
models 
partial -, 949 
perfect -, 2098, 2145 
prioritized -, 2631 
probabilistic -, 2086 
queuing -, 2075 
random access machine -, 566 
real number -, 2527 
models rewriting, 2129 
models 
Scott’s -, 31 
semantic -. 2049, 2099, 2409, 2628, 263 1 
sequential computing -, 2419 
specification -, 2179 
stable -, 2058, 2797 
supplying -, 2638 
untimed -, 2629 
urn -. 2491 
well-founded -, 2059, 2328, 2746, 2797 
model-theoretic 
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results, 601 
semantics, 995, 1485, 1760,2296, 2596, 3425 







modest sets, category of -, 13 15 
modifiability, 1440 
modification method, 2295 
modification of 
narrowing, 2642 
the Blum-Shub-Smale real number model, 2527 
modifications, 1424 
modified commutativity property, 213 
for computational steps, 2 13 
modified 
cut elimination theorem, 1701 
data manipulators, 938 
director string calculus, 2100, see also MDSC 
discriminant, 614 
edit distance, 1205, 1769.3399 
realizability, 2689 
subtraction, 3 178 
modifying, 612, 615 
MO& P (complexity class), 1403, 3541 
MOD,,, P, 2181 
MOD, P, 2783 
modular, 1783,2267,2598 
approach, 1791, 2187 
CLP transformation system, correctness of -, 
3089 
concurrent systems, 5 14 
correctness, 265 1 
declarative language, 3337 
modular decomposition, 2506 
of graphs, 3024 
tree of a graph, 3423 
modular description, 1678 
of languages of Petri nets, 1783 
modular 
knapsack problems, 1645 
multiplication, 1645 
Nim, 2707 
proof system, 761 
program, foundation of -, 2327 
modular proofs, 761 
for completeness, 3013 
of communicating processes, 761 
modular properties, 2598, 2801, 3324,3535 
of term rewriting systems, 2882 
modular property, 2794 
modular reasoning, 3528 
modular software 





standard ML, 3376 
structure, 1407, 3557 
system design, 3642 
modular systems, 1557, 2651 
correctness of -, 2651 
modular termination, 2801 
property, 2801 





completeness, 2882.3013, 3245 
left-linear term rewriting systems, 3680 
local confluence, 3013 
termination, 2882, 3245, 3680 
modularity 
properties for left-linear term rewriting systems, 
3680 




refinement, 265 1 
specifications, 1439, 1557 
modules, 2145,2187,2218,2651,3248 
in hierarchically structured programs, 414 
deductive database -, 2145 
implementations of - in terms of others, 414 
quotient -, 2258 








at, lattice -, 3397 
modulo-counting quantifiers, 2407 
modulo-invariants, 3058 
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Mohan. 2307 
Moldavanskii’s conjugacy problem, 636 
fast solution of -, 636 
Moller, Tarlecki and Wirsing, 3524 
molecular 
biology, 1205. 3470 
genetics, 3284 
sequence comparisons, 1703 
species, symbolic representations of -, 2248 
molecules, patterns of protein -, 2737 
moments binary forms, 3069 
monad, computational -, 3438 
monad-based imperative functional program, 3382 
monadic arithmetic, 1570 
monadic Church-Rosser systems, finite -, 504 
monadic Church-Rosser Thue systems, 512, 654 
finite -, 1300 
monadic 
defined predicates, 2227 
formulas, 1570 
functions, 3296 
infinite regular Thue system, 512, 535 
join dependency inferences, 647 
monadic logic, 1732, 1802, 3561 
programs, 3296 






predicate symbols, 23 1 
monadic recursion schemes, 
complexity of -, 535 
linear -, 535 







monadic second order theory, 1579 
of denumerable ordinals, decidability of the -, 
2946 
monadic second-order definable, 2006 
graph languages, 1646 
property of 2-structures, 2906 
monadic second-order 
evaluations, 2127 
formulas, 889, 1496, 3024 
monadic second-order logic, 1496, 1646,2001,203 I, 
2127.2405,2407,3024,3054,3611,3799 
of graphs, 1496,2990,3024 
definability by -, 3071 
restriction of -, 2031 
SIS, 2635 
monadic second-order 
properties. 1459, 2001 
property, 2990 
monadic second-order theory, 726, 1060 
decidable -, 726 
of a context-free NLC set of graphs, 1060 
monadic 
S’,, 3218 
string-rewriting systems, 2 180 
structure, 1830 
system, 504 
monadic theory of 
an algebraic tree. 2990 
trees, 1802 
monadic 
Thue systems, 406, 728, 1300 
trees. transformation of -, 25 
monads. 1830,2590,2641 
Mongy, 379 
Monien and Schiermeyer, 3085 
monogeneous 
FIFO nets, 688 
nets. 688 




dominoes over a free -, 387 
free -, 114. 177, 197, 264, 273. 329, 348, 51 I. 
544,57 1.588.744 
Jantren -, 634 
monoid of 
binary relations, 3186 
left-invertible elements, 957 
left invertible elements, 957 
nonambiguous relations, 1505 
right invertible elements, 957 
tree transformation classes, 3534 
monoid 
operation, 2804, 3215 




presentation, one relator -, 658 
sequences, growing Abelian -, 2088 
syntactic -, 273.29963 179 
transition -, 233 
T-trivial -, 34 13 
monoid with 
decidable word problem, 787 
special Church-Rosser preservation, 957 
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monoidal 
categories, 3062 
category of finite sets, 3444 
category, symmetric -, 3062.3212 
monoidal closed categories, 2203 
theories of -, 2203 
monoidal closed 
structures, 2203 
category, symmettic -, 3074 
monoids, 329,687, 693, 1214, 1242, 1274, 1430, 
1463, 1582, 1822,2088,2108,2353,2390, 
2486,2540,2545.2730,2752,2784,3700 
aperiodic -, 2353,273O 
characterization of finite -, 233 
classification of finite -, 297 
commutative -, 2105, 2299 
concurrency -, 2900 
conjugacy problems for -, 690 
containing solvable groups, 297 
D-classes in -, 52 
embeddings of -, 841 
endomorphisms of -, 814 
finite -, 273 
finite-trace -, 2299 
free -, 77, 114 
free noncommutative -, 902 
hierarchies of -, 297 
I--, 52 
infinite-trace -, 2299 
inverse -, 2355 
monoids of 
congruence classes, 329 
finite derivation type, 3700 
relations, 987 
unambiguous relations, 987 
monoids 
presentation of -, 690, 1354 
presentations of -, 1274, 1354 
representations of -, 364 
Schtitzenberger product of -, 2390 
Schtitzenberger product of finite -, 273 
monoids that are 
groups, 389 
unions of groups, 52 
monoids 
trace -, 2299,2784 
variety of -, 297 
with one relator, 658 
monolithic specification style, 1666 
monomial terms, 2529 
monomials, 3555 
monotone, 1828 
arithmetic circuits, 1533 
monotone Boolean 
formulas, 1247 
function, 870, 1029, 1247 
monotone Boolean functions, 186, 224, 432, 1239 
sequences of -, 432 
monotone Boolean network, 224 
monotone circuit, 262, 1029 
monotone circuit complexity, 739, 3210 
of slice functions, 739 
monotone circuit size, 48 
monotone circuits, 739, 846, 1521 
for slice functions, 739 
theory of -, 739 
monotone complexiry, 182, 262, 432, 846, 1239 
of Boolean functions, 739 
large -, 870 
monotone computations, 42, 186 
of rational polynomials, 186 
monotone 
formulae, short -, 150 
function, determining a -, 3430 
functions, 937, 1239 
graph property, 74 
interpolating functional, 340 
McNaughton functions, 3847 
model, 262 
monotone network, 702 
complexity, 702,870 
monotone networks, 2, 186, 335 




projection translations, 2727 
rational computations, 42 
representation, 846 
semi-Thue systems, 643 
simulations of nonmonotone networks, 1239 
switching functions, 182 
symmetric functions, 150 
terms, 2613 
monotonic, 963 
and regular relation, 65 
cases, 2202 
monotonic functions, 38, 2071 
monotonic functions with 
fixed points, 482 
least fixed points, 482 
monotonic 
implementation, 830 
language learning, 2607, 2918 
learning, 3553 
operations, 2692 
operator complexity, 935 
monotonic predicate transformers, 1858, 2805 
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between powersets, 2881 
monotonic 
probabilistic learning, 3553 
recurrence, 2322 
set operators, 1629 
monotonically bi-enumerable. 1497 
monotonicity 
constraints, 3553 
in language learning, 2918 
of transducers and acceptors, 505 
result for commutative series, 107 




Monte Carlo polynomial time, 3068 
Monte Carlo primality test, 475 
efficient -, 475 
Moon and Moser, 255 1 
Moore, 2040 
sequential machine, 114 
shifts, generalized, 3228 
Moran, Paz and -, 249 
Morgan’s specification statement, 3001 
Morgenthaler and Rosenfeld surfaces, 3416 
morphic 
characterization, 2453 
characterizations of context-free languages, 994 
congruence, 2567, 2704 
equivalence relation, 2704 
mappings, 1061 
refinement, 2567 
morphism equivalence, 653, 2231 
test sets for checking -, 653 
morphism 
of monoids, 987 
sets, partial orderings on the -, 153 
unispectral -, 883 
morphisms, 372, 415,620, 806,940, 1303, 1314, 
1328, 1356, 1740,2150,2206,2390,2427, 
2560,2591,2614,2690 
agreeing pair of -, 653 
balance of two -, 925 
Bernoulli -, 2614 
compositions of -, 811 
cpo of -, 2206 
equivalence problems of the composition of -, 
811 
into free monoids, 768 
iterates of -, 1383 




transition systems, 1128 
trees, 662 
trees, natural definition of -, 662 
morphisms 
on free monoids, 387 
preserving squarefreeness, 383 
with Sturmian stationary words, 1659 
pairs of -, 653 
partial -, 2129.2131 
periodic behaviour of -, 1383 
power-free -, 743 
restricted class of -. 2560 
squarefree -, 383 
total graph -, 2131 
Morris, 318 
Knuth, - and Pratt, 683 
Morris-style operational semantics, 3176 
Morse sequence, 1748.2460 
Morton 
and Mourant, 1745, 1817 
Brillhart, Erd0s and -, 1226 
MOS switch-level circuits, 1616 
Moscarini, Ausiello and -, 583 
Moschovakis, 2643 
Moser and Moon, 255 1 
Moses, Halpern and -, 1108 
Mosses and Watt, 1440 
most general 
unifier, 1126, 1411 
unifiers, 1076 




mother graph, 423 
motion planning, 1722, 2291,2653, 2655, 2657, 3 116 
problems, 2654 
translaGona1 -. 2653 
motions, feasible - in motion planning, 2654 
Motzkin word, 2566, 3139 
Mourant, Morton and -, 1745, 1817 






legal -, 2169 
unit -, 2120 
movement, 2658 
backward -, 2572 
move-set-to-front algorithm, 2470, see r&o MSF, 
MTF 
move-to-front, 2122, se also MTF 
move-to-front rule, 315 1 
move-to-rear 
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convex polyhedron -, 2653 
Mazes, game of -, 2493 
MP (metric space with Polish topology), 325 
MPL (parallel language), 3237 
M-program model, 2088 
MPST rule, 2332 
mreducible, 1377 
M-reversible Petri net, 81 
MRFS (mutually recursive function system), 2235 
fractals, 2614 
MSA (many sorted algebra), 2065.2633 
Maple V, 3593 
MSF (move-set-to-front algorithm), 2470 
competitive ratio, 2470 
MSLD-resolution, multi-dimensional SLD resolution, 
3584 
MT, map theory, 3502 
MTF (move-to-front), 2122 
Markov chain, 3151 
move to front, 3151 
strategy, 2 122 
MTL (metric temporal logic), 2626 
MTL-I, 2626 
MTR (move to rear), 1393 
u-calculus, 60, 899, 1558, 1665. 1779, 2776, 3077, 
3381.3619 
u-calculus, completeness 
of the modal-, 2986 
theorem for the -, 3077 
u-calculus 
formula, 1665 
propositional -, 552 
small model theorem for the -, 3077 
u-formalism, 880 
u-formula, 3077 
u-hierarchy, 3 189 
u-ineffable, 60 
Mukhopadhyay, Ramakrishna and -, 3263 
Muller and Schupp, 1802,2032,2069,3163 
acceptance conditions, 2410 
context-free graphs of -, 2032 
Muller 
automata, 853, 1732, 1786 
automaton, 3501, 3513 
index of a set of trees, 1570 
indices, 1570 
Muller-McNaughton theorem, 1579 
Muller’s condition, 840 







multibody mobile robot, 3 119 
multicellular growth, 32 
in biological organisms, 32 
models of -, 32 
multichains, 2254 
multichannel 
broadcast network, 1009 
facilities, 2075 
queuing systems, 2075 
multicomputer network, 2402 
multicounter 
machine, one-way nondeterministic -, 404 
machines, 17, 665,751,954,996, 1654, 3283 
machines, reversal bounded -. 149 
multidimensional, 2562 
approximate array matching, 1510 
cost functions, 2408 
interface to MLP, 3584 
knapsack problem, 69 
multidimensional 
logic programming, 3584 
logics, 3584 
multi-tape Turing machines, 553 
one-way mesh array, 128 1 
quasi Monte-Carlo methods, 2346 












multidimensional Turing machines, 429,553 
of specified time complexity, 429 
multidimensional unrepetitive configurations, 1073 
multi-exit flowchart schemes, 171 
multigraph problem, 1006 
multihead automata, 220,540, 1593 
lbarra’s result for -, 220 
multihead automata languages 
hierarchy of one-way -, 946 
one-way -, 946 
Subject Index Volumes I-2OO/Theorrk~d Compuier Science 2131214 (1999) 5436 253 
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bounded activity machine, 1129 
deterministic pushdown automata, 946 
multihead finite automata, 194, 718, 1155, 1189, 
1593. 1835 
alternating simple -, 718 
one-way simple -, 194 
simple -, 718 
two-way -. 220, 284 
multihead 
multi-dimensional Turing machines, deterministic 
-, 429 
one-way deterministic pushdown automaton, 
2285 
one-way finite automata, 1593 
pushdown automata, 1155 
multihead Turing 
machines, 553, 16.55 
tape. 1016 
multiheaded Turing machine, 924 
multilayered, 2184 
parsing, 3808 





multilist layering, 2676 
termed -, 2676 
multilists, 648 
multimodal graded logic, 3334 
multimodal logic, 2063, 3334 
programming, 2063 
multimodal systems, 2063 
multimodule memory organizations, 1851 
multiparenthesis languages, 619 
multiparty 
computation of a logical AND-gate, 3643 
computations, 3643 
multi-pattern languages, 2670, 2892 
special classes of -., 2670 
multi-pebble automata, 3322 
multiple 
agreements, 35 10 
aiignmenf, 2697 
attribute tree, 648, 1174 
bindings, 3368 
class queueing networks, 2959 
multiple classes of 
negative customers, 2959 
posilive customers, 2959 











inheritance, 2065, 3009.3027 
input-output sequential machines, 1743 
Internal states, 3107 
job classes, 12 I2 
levels, 2628 
locally catenative L systems, 1563 
memorized occurrences, 2745 
occurrences of variables, 1204 
oracle tapes, 1 I7 
output values, 1184 






multiple visits, 2681 
multiple-conclusion specification logic. 3248 
multiple-disk 
organizations, 2442 
prefetching strategies, 2442 
multiple-job classes, 2387 
multiple-storage events, 2745 
multiple-valued 
logic, 3335 
logics, 1443, 3330 
multiplexing sparse tables, I712 
multiplication, 721, 1843 
multiplication by 
an elementary matrix, 394 
constants, sensitivity to, 532 
multiplication 
finite automata with -, 40 
fixed point -, 721 
multiphcation in algebraic extension fields, 172 
multiplication in finite fields, 
complexity of -, 457 
computational complexity of -, 457 
multiplication, matrix -, 473 
multiplication of 
integers, 392 
matrices, 262, 558. 1533, 3069 





sign, 23 I 
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multiplications, 2123,2247,2463, 2730 
average number of -, 2463 
in finite fields, complexity of -, 457 






differential-functional equation, 2716 
factor, 2055 
fragment, 2575 
linear logic, 2575, 3257 
logic, 3257 
multiplicative second order subsystem, 1301 
LL, 1301 
multiplicative sequences, 1233, 2260 
multiplicative-additive fragment, 2574 
multiplicatively 
independent integers, 3180 
left-cancellative, 1718 
multiplicities, 1078, 1808, 2116.2242, 2541 
finite state automata with -, 227 
multiplicities of 
rational sets, 227 
zeros, 3 11 
multiplicity, covering -, 118 
multiplicity equivalence 
of finite automata, 1464 
problem, 1464 
multiplicity 
in a semiring, 227 
sets, 707 
multiplicity sets of regular languages, 
equality of -, 707 
equivalence problems for -, 707 
multiplicity, unbounded coveting -, 118 
multiply 
declared, 1739 
linked loop networks, 185 1 
multiplying, 2304 
matrices, complexity of -, 473 
multiprocessor 
machines. 1372 





multiprocessor systems, 362,2385,2441, 2466,3504 
heterogeneous -, 2386 
multiprocessor task assignment problem, 362 
multiprogramming, 875 
concurrency for -, 875 
multiprover interactive protocols, 2568 
power of -, 2568 
multipushdown machines, deterministic reversal- 
bounded -, 722 
multiqueue automata, 1595 
multirate 
3-stage Clos networks, 3354 
environment, 3354 
systems, 2769 
MULTI-RESET family of languages, 670 
multiset, 2936, 3547 
calculus, 2359 
multiset discrimination, 2729 
technique, 2729 
multiset, mode of a -, 259 
multiset of 










multisets, 2136, 2225, 2609, 2729 
Dedekind -, 2136 
revised theory of -, 2136 
multistage 
interconnection networks, 1211 
model, 2402 
network, 938 
shuffle-exchange networks, 938 
multitape 
automata, deterministic -, 517 
deterministic finite automata, I464 
finite automata, 1464 
nondeterministic Turing machines, 532 
multitape one-way nondeterministic pushdown 
acceptors, 763 
with outputs, 763 
multitape TM, 763 
multitape Turing machines, 665, 856, 1016, 1378 
nondeterministic -, 123 
on-line simulation of -, 665 
multi-text/multi-pattern approach, 2517 





multivalued dependencies, 207, 400, 674, 1041, 
1169, 1172 
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membership problem for embedded -, 450 
multivalued encodings, 1617,2543 
unique decipherability of -. 2543 
multivalued 
functions, 2405 
logic interpretations, 3341 
transducers, 909 
multivariant natural transformations, 13 12 
multivariate, 2718 
global optimization, 1831 
multivariate polynomials, 262, 311, 3595 
multivariate polynomials over 
a finite field, 3595 
finite fields, 1578, 2999 
the rationals, 2999 
multivariate 
sparse polynomials, 3103 
structure, 27 18 
multiview image-sequence, 2659 
multiwalks, 2254 
multi-writer atomic registers, 2798 
implementation of -, 2798 
Munro and Paterson, 3166 
p-recursion, 880, 3023 
p-recursive definitions, 2902 
p-recursive functions, 3190 
Musser, 862, 1687 
Musser’s square-free algorithm, 3595 
mutate data, 2064 
mutation, 3839 
rates, 3839 
mutual algebraic independences, 2563 










stochastic independences, 2563 
mutually recursive 
function systems, 2235, see also MRFS 
systems of nondeterministic equations, 875 




MVISA, multi-view image sequence analysis, 2659 
Mycielski, Ehrenfeucht and -, 3129 
Myers decidability result, 2485 
Myhill, 2313 
and Shepherdson, 895 
Myhill-like criterion for tree recognizability, 544 
Myhill-Nerode characterization of regular languages, 
551 
Myhill-Nerode-like theorem, 2401 
Myhill’s theorem, 1587 
N 
(n. k) 
2-person domino game problem, 1820 
domain domino problem, 1820 
VP, complexity class, 3541 
NaDSet (natural-deduction-based logic and set 
theory), 2155.2156 
NAF (negation as failure), 1796 
NAF rule, 2298 
NAF-rule, 1796 
Naik, Ogihara, and Selman, Hemaspaandra, -. 3017 
Nai’mi and TrChel, 2252 
naive comprehension axiom scheme, 2156 
Nakamura’s logic of graded modalities, 3693 
Nakano and Rusinowitch, 2612 
name 
form variables, 2763 
instantiation, 3265 
passing calculus, 3012 
spaces, 3526 
name-based coordination mechanisms, 3686 
named 
cycle congruence, 2690 
equational clauses, 685 
transactions, 3472 
variables. 2334 
name-passing calculi, 3277 
names of objects, 523 
name-stamp protocols, 777 
characterization of -, 777 
nonsymmetric -, 788 





narrowing, 1120, 1276, 1359, 1412.2096.2679. 
3246,3273 
lazy -, 3273 





narrowing strategies, 1359 
completeness of -, 1359 
narrowing strategy, 1120 
n-ary predicates, 2763 
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abstraction, 243 1 
abstract machine, 2132 
assumption, 2468 
candidates, 2154 




problems, 844, 2726 
natural complete 
operators, 724 
partial order structure on trees, 662 
sets, 353 
natural complexity classes, 2511 
natural complexity measure, 718 
for ASPMHFA’s, 7 18 
natural 
constraints, 2431, 2666 
coordinate systems, 2655 
creative sets, 353 
natural deduction, 559, 1602, 1763, 2143, 2203, 3257 
formalism, 1602 
linear -, 3257 
method, 2324 
style proofs, 33 14 
natural deduction system, 2203.3580 
for full first-order linear logic, 3580 
natural deduction systems, 3314, 3383 
natural 
definition of morphism of trees, 662 
effective fragment, 2792 




framework, 264 1 
natural generalization, 2056, 2154, 2229, 2557, 2617, 
2735 
of continuous traces, 698 
natural 
generalizations, 2632 
Godel numberings, 353 
hierarchy, 2223 
intrinsic characterization, 2647 
isomorphism, 2879 
join, 1691 




natural languages, 1650, 2056, 3510 
grammars for -, 3055 
syntax of -, 3055 
natural model, 2340 
theory, 2532 
natural NP-hard problem, 3038 
natural number, 1403 
functions, 2153 
type, 999 
natural numbers, 231, 325, 1077, 1315, 2209, 2315, 
2606,2635 
characterization of the -, 842 
natural numbers, computations relative to 
functions of -, 29 
sets of -, 29 
natural numbers object, 1313, 1315 
natural numbers 
power set of the -, 895 
theory of the -, 463 
natural 
operators, 724 
optimization problems, 2094 
ordering, 2806 
proof, 170 1 
representation, 2303 
semantics, 2340 
sets of linear forms, concrete -, 394 
simplification, 2021 
structures without a sound and decidable 
Hoare-like logic, 368 
subclasses, 2243 




natural topology, 2201 
of sequences, 836 
natural transformations, 1312, 2588, 3581 
calculus of generalized -, 1312 
domains of -, 2588 
generalized -, 1312 
natural-deduction 




set theory, 2156 
naturality conditions, 1312 
navigational algorithms, 2656 
n-bit 
binary integers, 2304 
long exponent, 2463 
strings, 2092 
NC, 927, 1006, 1291, 1347.3051.3365.3476 
algorithm, 1286, 1291,3051,3117 
algorithms, 2475, 2676, 2739, 2772 
circuits, 2395 
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solutions, 2676 
solving, 3 I 17 
NC, 
complexity class, 2475 
equivalent, 24 I8 
problem, 2418, 2475 
reduction algorithms, 2418 
NC’-reducible, 1469 
NC’. 1640, 2772 
NC’“, 1821 
NC-approximation scheme, 3217 
NCAS class, 3217 







NC’ circuit. 2395 
n-codes, I785 
NC-parallel algorithm, 3 145 
NDOL languages, 2760 
ND-automata, nondeterministic automata, 65 
n-dimensional 
hypercube, 2610 
word problem, 2204 
NDL (nonstandard dynamic logic), 698 
NE (complexity class), 2457 
near characterization, 436 
of NP, 436 
nearest 
embedded relation, 2806 
neighbor graphs, 3315 
neighbour graph isomorphism problem, 33 15 
solution, 451 
nearly optimal trees, 3521 
near-optimal solutions, 3504 
near-perfect search, 25 13 
near-rings, 1283 
neat reduction, 3680 
neatening, 3680 
Nechiporuk, 224 
Boolean sums. 739 
necklace condition 
for shortest tours, 1250 
testing the -. 1250 
necklaces. 2024 
necklace-tour, 1250 
negated atoms, 1727 
negation, 262, 949,972, 1216, 1453, 1457, 1458, 
3341,3425 
absence of -, 2226 






connective of -. 972 
floundering on -, 3341 
in rule-based database languages. 1453 
linear -, 972 
logic programs with -, 3207 
operator, explicit -, 760 
power of -, 262, 1239 
semantics of -. 3425 
vs complexity, 262 
negation-as-failure. 892. 1422, 1752 
negationless formula, 3847 
negations. 2018,2034,2098, 2226,2483. 2746.2797 
negative 
Boolean constraints, 3 150 
conditionals. 3345 
negative constraints, 1167, 2336 





data, 2607, 2609 
information, 1167, 3682 
instances of concepts, 837 
integers, counters allowed to hold -, 149 
literals. 1237, 1456, 1729 
negative literals, 
in ground -, 3050 
non-ground -. 3050 
negative powers, I223 
negative prefix property, 253 
of a language. 253 
negative 
premises, 2271, 3818 
queries, 173 1 
query, 1360 
negative strmgs, 1734, 2564, 2695 
constant number of -, 2564 
negative subgoal, 2059 
negligible subset, 3130 
neighbor cells. 2509 
neighborhood structure, 3712 




neighbourhood-controlled embedding, 423 
graph grammars with -, 423 
neighbouring vertices, 1386 
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and Kohn, 2625 
and Remmel, Marek, -, 3330 




sets, 455, 619 
nested 
algebra, 1633 
annealing, 183 1 
database query language, 3387 
databases, 1633 
differences, 3555 
fair selection, 645 
inductions, 2606 




parametrized specification, 555 
relational algebra, 3530 
relations, 1633, 2789, 3629 
simultaneous primitive recursion on trees, 1461 
terms, 2295 
transaction systems, 2794 
transactions, 1170, 2794 
nesting, 2223.2766 
depth, 535 
depth of -, 2223 
nesting of function calls, 535 
depth of -, 535 




net calculi, 2669 
net expressions, 803 
algebras of -* 803 
net 
modelling, 3057 
model of mutual exclusion, 3064 
processes, 872 
system model, elementary -, 1336 
net systems, 1776 
equal conflict -, 3065 
net theory, 271, 872, 1059, 1336. 1776,3057 
behavioural aspects of -, 1336 
confusion in -, 3064 
contact in -, 3064 
net type, 881 
nets. 579, 271, 818.2007, 2193, 2489, 2669 
l-bounded -, 93 
l-safe -, 2761 
and domains, intermediate between -, 271 
behaviour of -, 53 1 
Boolean neural -, 2542 
calculus of -, 2669 
compilation of -, 3057 
components of -, 514 
decomposition of -, 579 
descriptive power of -, 8 18 
FIFO -, 2179 
firing in -, 872 
free-choice -, 2761 
hierarchy of -, 478 
lattice of unmarked -, 579 
models of -, 818 
non-sequential behavior of -, 872 
NP/R -, kind of Petri nets, 2184 
occurrence -, 271 
of finite synchronization, 1059 
Petri -, 2007, 2028, 2052, 2133, 2184, 2193, 
2333,2373,2545,2583,2669,2761,2786 
P/T -, 2016 
nets, safe -, 579 
finite -, 3073 
nets 
simulating -, 872 
subclasses of -, 380 
subset language of -, 531 
network, 1616 
combinatorial optimization problem, 3722 
complexity, 206 
complexity of a Boolean function, 572 
Boolean -, 335 
complexity, lower bound on the -. 206 
network flow, 1421 
network flow algorithms, 291 






model for problem-solving, 3075 
maximal flow in -, 291 
monotone -, 702 
network of 
finite automata, infinite synchronous -, 905 
parallel processes, 2 11 
processors. 3487 
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sequential -, 201 
structure, unified theory of interconnection -, 938 
networks, 534, 859, 1203, 1211, 1692, 2023, 2238, 
2307,2387.2389,2402,2436.2474,2489, 
2502,2660,2755,2780,3236 
analog -, 2542 
asymptotic behavior of -, 798 
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normed 
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space, 1746 
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context-free processes, 2494 
processes, 2494 
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number-theorem problem, 503 
NP-complete optimization problems, 
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classifying -, 249 
NP-complete 
polynomial divisibility problems, 608 
predicates, 870 
problem, 228 
predicates, slice functions of -, 870 
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search number, I 112 
Steiner tree, 1028 
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proof of -, 503 
proofs of -, 503 
NP-completeness results. 228, 392. 2759 
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n-random sequences, 3652 
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NRP-complete, 2475 
NRP-completeness, 2475 
NSPACE, 435,751,816, 1288, 1390, 1109 
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n-th order linear 
difference equations, 3593 
differential equations, 3593 
NTIME, 483,690, 1419 
NTISP, 816 
NTM, nondeterministic Turing machine, 2421 
NTM’s, 822 
N.T.S. languages, 619 
ntyftintyxt format, 2271 
NU system, 1754 
v,-products, 1490 
v-calculus, 1301, 1558, 3012 
null productions, 351 
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nulls, 1457, 2533 
operations on relations with -, 887 
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bounded -, 2347,2395 
Catalan -, 2261 
computable natural -, 2567 
number fields, 235 
rings of integers in -, 235 
number 
hierarchy, 2065 
mixed-search -, 2617 
nonrecursive real --, 2731 
number of 
accepting paths, 3541 
comparisons, 1592 
inversions, 3197 
models of propositional formulas, 3085 
overlapping-free words, 15 14 
queries to an oracle, 3468 
rounds of verification protocols, 1573 
square-free words, 1514 
number 
polynomial -, 2365.2772 
representation systems, 2356 
sequences, 2714 
superlinear -, 2362 
number systems, 460 
ambiguity of -, 604 
number 
theory, 1602, 1817 
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type, real -, 3191 
numbering algorithm, St--, 927 
numberings, 2138 
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defined by Turing machines, 480 
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crossing -, 2174 
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number-theoretic, 2172 
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inferences for -, 823 
sound and complete inference rules for -, 823 
numerical 
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code, 1669 
data model, 3030 
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conjunctive queries, 2555 
database system, 2555 
databases, 2532.2536 
databases, behavior of -, 2532 
data model, 3030 
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object-oriented languages, 
typed -, 3009 
type systems for -, 3009 
object-oriented message passing, 3686 
object-oriented programming, 1778, 2065 
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transfer, 2224 
object-oriented query optimization, 2224 
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convex polyhedral -, 2653 
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obtaining extremal solutions, 2773 
obtaining irrational speeds, 2172 
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algorithms, 1848 
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occur check, 1337, 1741 
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patterns, 1714 
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pattern -, 2487 
probability of -, 1225 
Ochmanski, 2390,2784,2804,2900 
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octal methods, 2463 
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ODE’s, 2622 
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one-way synchronized alternating - automata, 
2124 
one-dimensional, 2216, 2425, 2779 
alternating Turing machine, 537 
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irreversible cellular automata, 2779 
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monogenic cellular automata, 298 
one-way cellular automata, 2509 
projection, 12 18 
reversible CA, 2779 
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time-optimal fssp algorithms, 410 
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algebra of -, 254 1 
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equivalence relations, 748 
one-one reductions, 770 
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one-symbol languages, 2135 
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one-tape nondeterministic Turing 
machines, 792, 10.55, 1596 
machine time hierarchy, 792 
one-tape off-line Turing machines, 1535,2115 
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one-tape Turing machine, 1596 
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one-tape Turing machines, 166 
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one-to-one correspondence, 2244 
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one-way automata, 1468, 2285 
one-way CA’s, 821, 1093 
one-way cellular array, 2675 
real time, 2675 
one-way 
cellular automata, 2509, 3052 
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finite automata, 1593 
function, 1571 
functions, 926, 1515, 1573,2457 
infinite path, 2512 
linear array of finite-state machines, 1589 
locally ordered, 2785, see also ILD 
log-space reductions, 1784 
models, 1790 
one-way multihead, 194 
one-way multihead automata, 2285 
languages, 946 
one-way multihead 
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computable functions, 3192 
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ob-scheduling, 2467 
on-line learning, 2778 
algorithm, 3555 
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model, 2473 
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parallel realtime scheduler, 2437 
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repair strategies, 2441 
satisfiability, 3326 
scheduler, 1846 
scheduling, 2465, 2467 
on-line scheduling algorithm, 2437 
schedules, 2467 
on-line 
scheduling problem, 2465 
simulation, 407, 665, 2178 
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tape units, 665 
units, 665 
on-line simulation of multitape Turing machines, 665 
on-line strategies, 2168 
on-line string matching, 2662, 3078 
on-line systems, 3542 
on-line Turing 
machine, nondeterministic -, 123 
machines, space bounded alternating -. 828 
on-line updates, 2472 
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systems, 3528,369O 
subsets, computable -, 737 
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2919 
open-ended data structures, 3601 
open-endedness, 1666 
open-shop problems, 3669 
operand combinations, 3737 
operating systems, 1780 
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and denotational semantics, equivalence proof of 
-, 314 
operational behavior, 1309 
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operational behaviour, 2276,3377 
operational behaviour of 
elementary net systems, 1776 
logic programs, 3377 
models of concurrency, 1776 
operational 
characterization, 1501, 3342 
concepts, 585 
definition of computable object, 581 
equality, 9 
operational equivalence, 3540 
of nets, 381 
operational 
formulations of testing, 1026 
interpretation, 1792, 1828 
operational model, 1362, 2579, 3107 
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ordered -, 2993 
operational 
products, 732 
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clean -, 2333 
operational semantics for 
KBL, 882 
logic programming, 892 
for Prolog, 1339 
operational semantics 
formal -, 2334 
game-theoretic -, 2378 
KBL’s -, 882 
operational semantics of 
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distributed refutations, 1293 
equational Horn programs, 3246 
infinitary theories, 1555 
programs, 276 
structural -, 2743, 2957 
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operational 
specifications, 1550 
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operationalization of data, 1671 
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2881 
operations 
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aggregate -, 2538 
arithmetical -, 2392 
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bit -, 2037 
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concurrent -, 2795 
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execution of -, 2795 
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covers, 3 148 
cycle, 2564 
decomposition into subproblems, 1132 
defense, 1262 
distributed algorithm, 2307 
dynamic embedding of X-trees into arrays, 1129 
evaluation algorithms, 223 
optimal evaluations, 218 
of graphlike expressions, 218 
optimal factors, 1250 
optimal fixedpoint semantics, 759 
Shamir’s -, 759 
optimal fixedpoints, 759 
of logic programs, 759 
optimal gossip algorithms, 2433 
construction of -, 2433 
optimal gossiping, 2433 
optimal graph 
reduction, Lamping’s -, 3000 
reduction techniques, 2688 
optimal 
heapsort algorithm, 3 174 
implementations, 2688 
information, definition of -, 574 
information rate, 3003 
length, 2564 
linear arrangement problem, 16 




optimal MBD, 2380 
optimal neighbourhood structures, 3712 
for local search, 3712 
optimal numberings, 3495 
optimal off-tine detection of repetitions, 458 
optimal order, 2082 
of matrix multiplications, 1132 
optimal ordered binary search trees, 289 
optimal output, 2458 
optimal parallel 
algorithm, 1031, 1147 
algorithms, 1733, 2517, 2722 
computations, 1632 
execution, 2755 
parsing of bracket languages, 1031 
transformation, 1632 
optimal parallelization, 1436 
of sorting networks, 1436 
optimal 
parallelizations, 1424 
path, 1577, 2217 
performance/cost ratio, 938 
policies, 3099 
policy, 2386, 3398 




optimal reduction, 2100 
optimal reductions, 3000 
in interaction systems, 3000 
optimal 
regular MBD, 2380 
repair strategies, 2386 
representation in average, 3810 
RSFC, 3461 
safe algorithm, 3127 
schedule, 1420 
schedules, 3234 
optimal scheduling algorithms, 1209 










strategy, 2023, 2140 
subgraphs, 3338 
test sets, 1582 
time, 2755 
tolerance, 16 17 
traveling salesman tour, 402, 1250 
optimal triangulation, 2082 
of polygons, 1132 
optimal 
vector code generation, 1493 binary search trees, 125 1 
VLSI sorting algorithms, 1539 cost, 1251 
winning strategies, 2117 search trees, 125 I 
worst-case -, 2303 value. 2388 
optimality for linear problems, average case -, 574 opt-L, 2087 
optimality of OR gates, 262 
alphabetic trees, 1735 oracle, 74, 1285, 1297, 1377, 1395, 1403, 1509, 
parallel ConfiguraGons, 2441 1581, 1734, 1799,3068,3468,3652 
Valiant’s depth reduction technique, 2362 access, 3541 
optimally aligned subsets, 3559 algorithm, 3303 
optimal-speedup. 2667 alternating Turing machines, 1509 
optimal-work parallel algorithms, 2897 computations, 2418 
optimistic ternary simulation of gate races, 1148 decidable -, 3068 
optimization, 1424. 1669 oracle decreasing time-space complexity, 2520 
algorithm, I79 density of -, 2520 
aspects, 2383 oracle 
classes #. 2087 dependent, 985,303s 
combinatorial -, 2998 hierarchy, 1109 
optimization of machines. 1445, 1528, 1651, 1734 
CLP programs, 3364 NP -, 3019 
database queries, 3364 set. 140, 255, 308, 785 
datalog queries, 1426 sets, 1285. 1506 
encoding, 1355 strong nondeterministic machines, 1638 
programs, 898 tape, 1445 
the input-lookahead, 1528 oracle tapes, 117 
optimization problem, combinatorial -, 426 multiple -, 117 
optimization problems, 2094,2441, 2765, 2768, 2802 oracle 
computational -, 2771 theorems, 3 102 
connected combinatorial -, 2565 machines. nondeterministic -, 140 
equivalence of -, 2998 oracle Turing machine, 117 
nondeterministic polynomial -, 319 deterministic -, 724 
NP-complete -, 391 nondeterministic -, 724 
on graphs. 3423 oracle Turing machines, 1000 
polynomial hierachy of -, 320 oracle-dependent properties, 502 
optimization problems with oracle-restricted, 1638 
constraint, 3075 positive relativization of ZPP, 1638 
variable-constraint, 3026 oracles, 502, 785. 1285, 1419, 1445, 1531. 1546, 
optimization theory, 2998 1720, 1721,2019,2025,2091,2093,2507, 
optimizations, 1305 2520,2522,2568,3002,3554 
optimizaton constructing -. 1297, 3102 
algebraic -, 2224 density of -, 2520 
compiler -, 2744 pseudorandom -, 2091 
optimizaton of 
labelling, 2338 
realizing given relations between complexity 
classes, 3 102 
number of processes, 2441 slowly utilized -, 691 
optimizer, database query -, 2224 orbit size, 2391 
optimizing maximal, 2391 
compiler, 1376 orbits, 2341, 2495, 2542 
compilers, 1669 in infinite word languages, dense -, 860 
decision trees. 1047 OR-composiTiona semantics, 2327 
optimizing tinite-state transducers, 2458 order 
complexity of -, 2458 adequate model, 2993 
optimizing the execution of a program, 1065 constraints, 3410 
optimizing transformations, 1669 character comparison -, 3078 
ootimum order dependency, 524 
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logical implication for -, 524 
order 
dictionary -, 2287 
factor --, 2245 
global partial -, 2206 
inclusion -, 2783 
induced partial -, 2176 
isomorphism, 1360 
lexicographic -, 25 18 
order of 
a regular event, 157 
evaluation, 1.549 
regular events, 157 
order 
prefix -, 2287.2299 
prescribed -, 2078 
preserving renaming, 2732 
recognition, 3412 
relations between rationals, 89 
Structure on trees, natural complete partial -, 662 
subsegment -, 2287 
subsequence -, 2287 
subword -, 2245 
theoretic aspects of domain theory, 1626 
verification, 3303 
orderable graphs, 2727, 3294 
ordered, 804 
Abelian group, 3525 
ordered algebras, 258 
with the fixed point property, 258 
ordered alphabets, 1705, 2287, 2756 
ordered binary decision 
diagram, 2672,2723, see also OBDD 
diagrams, 3305 
ordered 
complete algebras, 682 
completion, 3249 
databases, 3530 
denotational model, 2993 
domain, 842 




natural number objects, 1315 
operational model, 2993 




sequential updates, 3220 
set, 2110, 3405 
ordered sets, 
of tasks, partially -, 245 
partially -, 228, 245 
ordered 
shared relationships, 2795 
spaces, 1691 
trees, 205, 1089, 2119, 2697 
triples of elements, 104 
under entailment, 3688 
order-enriched categories, 153 




in database query languages, 2921 
muitisets, 1264 
ordering of 
4-connected triangulated plane graphs, 3198 
sparse linear systems, 3092 
terminals, 1595 
ordering on the partial data types, 1830 
ordering, well-founded -, 728 
orderings, 23, 842, 1278, 1318.2045, 2197.2440, 
2672,2685,2767,2785,2799,2800 
orderings for 
proving termination, 367 
term-rewriting systems, 367 
term rewriting systems, 367 
orderings 
multiset -, 1264 
on attribute domains, fixed -, 524 
on powerdomains, 1691 
simplification -, 367 
total division -, 258 1 
order-isomorphic canonical domains, 1282 
order-preserving embeddable, 3409 
orders, 2088, 2287 
interval -, 2693 
order-sorted, 3337 
algebra, 2065, see also OSA 
algebraic specification languages, 3524 
order-sorted algebras, 1361, 1739 
with predicates, 3337 
equational completion in -, 1361 
order-sorted 
completion, 1660 
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Horn-clause logic with equality, 3337 
logic, 2063 
model theory, 3337 
resolution, 3587 
rewriting, 1660 
specifications, 1660, 1739 
system, 3587 
temporal Horn clause logic basis, 3337 
term algebras, 1374 
order-theoretic characterization, 2150 
of computing domains, 3832 
order-theoretic 
data types, 542 
properties, 2278 
tools, 2338 
order-theoretical characterization of compactness, 
1095 
ordinal addition, 3162 
ordinals, 794. 2946 
ordinary 
classical logic, 2202 
differential equation, 3605 
ordinary differential equations, 2622, 2768. 3117 
solutions of -, 2768 
ordinary differential systems, 3594 
ordinary 
distributive law, 2477 
EOL families, 430 
encodings, 2543 
encodings, unique decipherability of -, 2543 
ordinary equivalence problem, 635 
between languages, 635 
ordinary free algebras, 5 10 




recursion theorems, 513 
resolution, 2237 
resolution, restriction of -, 2237 
spaces, 2994 
submonoids. 2113 
subsequence order, 2287 
topological spaces, 2151 
topology, 2994 
Turing tapes, symmetry of -, 2107 
unambiguous context-free grammar, 2678 
universe HF. 2282 
organization charts, 1156 
organization strategy, absorbing list -, 2293 
OR-gates, 335 
orientable combinatoric manifold, 2997 
oriented equations, 3618 
orienting non-ground rewrite systems, 2685 
originator processor. 1849 
originators, 2759 
Orlowska 
and Pawlak, 1689 
Mirkovska and -, 437 
OR-parallelism, 1124 
Orponen, Schiining, and Watanabe, Ko, -, 3038 
orthogonal 
constructor-based rewrite system, 2889 
F-Horn formulas, 3556 
l-F-Horn formulas, 3.556 
polynomials, 1360. 2250 
projection, 1478 
orthogonal projections, 2927,3146 
of polynominoes, 2927 
orthogonal 
proving termination of - rewrite systems, 2684 
PRS’s, 3679 
rewrite system, 2889 
rewriting systems, 3386 
orthogonal term rewriting 
system, 3244 
systems, 2684, 2878. 3273, 3384 
orthogonality, 1666, 2218, 2321 
assumption of -, 2321 
OSA, 2065 
Birkhoff variety theorem, 2065 
order sorted algebra, 2065 
signature. 2065 
oscillating CJ-DTA’s. 216 
O-semantics, 2328 
Othello game, 2358 
Ottmann and Wood, 1536 
outcome of games, 3359 
out-degree, 1612, 2699 
outer measures, 2614 
outermost 
strategy, 626 
term rewriting, 882 
outermost type 
evaluation algorithm, 218 
general evaluation algorithm of the -, 218 
outermost-fair-like strategy, 3244 
outerplanar 
graph, 1347 
graphs. 354, 1194, 1661 
graphs, suhgraph isomorphism problem for -, 354 
subgraphs. 3267 
outfix codes, 694 
out-forests. 3238 




bits. words of -, 2783 
functions. 2072 
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node, 3259 
register, 583 
relabeling, 12 13 
restricted deque, 1016 
shortest curve, 2162 
specification, 1110 
tape, 2115.2213 
output terminals, 138 
to input terminals, 138 
output tree, 83 1, 2072 
output-driven language, 418 
output-lines, 764 
output-polynomial time, 2793 
outputs, 2048, 2633, 2730 
ascceptors with -, 763 
sequential -, 633 
over testable 
language, 3041 





overlap, 1414, 2321, 2737 
in string matching, 3470 
overlap-free, 2212 




string rewrite system, 3535 
overlapping-free words, 1514 
overlay, 2728 
system. 3013 





rewrite relations, 1739 
term algebra, 1739 
overloading, 2065 
OWC (one-way conglomerates), 1281 
owes 
depth of -, 1281 
interconnections in -, 1281 
OWHY, 2325 
Owicki and Gries, 600 
OwickiGries’s Hoare logic, 1117 
Oyamaguchi, Inagaki and Honda, 618 
Oz (CCP system), 3368 
P 
P (class of sets accepted by polynomial-time-bounded 
deterministic TM’s), 751, 1000, 1077, 1106, 
ll91,1377, 1421, 1445,1527,1587,1784, 
1837,3038,3040,3302,3476 
complexity class, 1106, 2921 
structural properties of -, 661 
subset, infinite -, 502 
HP, 1850,3178 
closure of -, 3 178 
functions, 1850 
P#BPP, 1512 
P = NP, 57,622 147, 164,409, 1297, 1581.3038, 
3467 
problem, 165 
P = NP n CO-NP, 3040 
P*NP, 239,751,754,985,992, 1182, 1191, 1559, 
1649,2528,2762,3130,3364 
question, 2528 
P f PSPACE, 1378,2447 
P+UP, 1106 
VP, complexity class, 3541 
(p-) measure of Lutz 
(p. q)-type sequences, 1758 
P,-complete, 1640 
@&measure, 3201 
P4 graph, 3423 
P,-free graph, 3423 
P,-reducible graphs, 2735, 3423 
P,-sparse graph, 3423 
PA (Peano arithmetic), 456 
axiom system, 3452 
probabilistic automaton, 1084 
PAA (probabilistic affine automaton), 2235 





packet-switching network, 938, 3259 
packing 
problem, 3484 
problems, 3 10 1 





probably approximately correct learning, 3 18 1 
PAC-model, 3177 
Padt approximation, 3233 
table, 3233 
paddability, 1517 
in NP. 1517 
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paddable 
complete set, 157 I 
set, 1517 
padded-sorting, 3415 




number theory, 838 
spectral analysis, 1233 
PAG (partizan arc geography game), 2141 
page-reference-strings, 87 
Pager’s parsing methods, 3 13 
paginating simple loops, 87 
pagination, 87 
paging problem, 3465 
several pages -, 3465 
paging-algorithm LRU, 87 
paging-algorithms, 87 
paging-complexity, 87 
of periodic arrangements, 87 
paging-system, 87 
pagodas, 173 I 
Paige 
and Tarjan, 2729 
Chang and -, 3343 
Paige-Tarjan algorithm, 3526 
PainlevC 
local singularity analysis, 3594 
test, 3594 
pair criteria, 2683 
useless -, 2548 
pair of 
complete sets, 1571 
grammars, 948 
relational structures, 3766 
tasks, 362 
paired loops, 25 19 
pairing, 873, 1062, 2049 
pairs, 
decidable characterization of -, 2072 
embedding-projection -, 2751 
input-output -, 2362 
pairs of 
DOL systems, 609 
equivalent synchronization trees, 679 
grammars, 756 
labelled events, 662 
letters, noncommuting -, 687 
morphisms, 653,768 
nodes, 629 
Petri nets, 628 
sequences by a bounded priority queue, realizable 
-, 3352 
tree traversals, 741 
pairs, 
random -, 2175 
unifiable -, 2175 
unstable -, 2426 
pairwise disjoint polygons, 2029 
collection of -, 2029 
PAL (propositional algorithmic logic), 43 I, 2265 
formulas, 2265 




left-closure, 35 I 1 
word. 351 I 
words, 2599 
palindromes, 1595, 1641, 2599, 2667 




and Reif, 1039 
Pansiot, 888, 1529, 1767 





Papadimitriou, Yannakakis and -, 369 
paperfolding sequence, 2948 
paperfolding sequences, 1758, 2292, 2454 
recurrence function of -, 2454 
paperfolding words, 2948 
PA-processes, 1544 
par connective, 3257 
paraconsistency, 1727 
paraconsistent 
disjunctive deductive databases, 1727 
logic programming, 1290 
paradigm 
in mathematical ogic, Curry-Howard 
propositions-as-types -, 1312 
of computation, 1412 
paradigmatic sequential language, 3436 
paradoxes, 2 155,2 I%,2593 
parallel, 1401 
parallel access 
machine without read and write conflicts, 1632 
time, 3235 
parallel algebraic decision trees, 3415 
parallel algorithm, I1 19, 1147, 1510, 1526, 1632, 
1842.3430 
efficient -, 927, 3396 
for permutation generation, 3 139 
for the maximum flow problem, fast -, 427 
parallel algorithms, 627. 1006, 1039, 1153, 1335, 
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1382, 1401, 1589, 1615, 1733,2008,2693, 
2767,2781,3197,3237,3476,3563,3732 
complexity theory of efficient -, 1335 
concurrent-read concurrent-write -, 2667 
parallel algorithms for 
matrix computations, 3446 
sorting a list, 2897 
Voronoi diagrams, 3227 
parallel algorithms 
on strings and arrays, 1641 
theory of -, 2008 
parallel approximation algorithms, 3051 
for the shortest superstring problem, 3051 
parallel architectures, 1580, 2232.3240 
constant-degree -, 2708 
parallel arithmetic complexity, 3233 
parallel automata nets, 514 
parallel chip tiring 
game, 2605 
games on graphs, 1719 




parallel combinators, 971 
parallel communicating grammar, 3199 
systems, 1819, 2419, 2558, see also PCGS, PCS 
parallel comparison 
merging, 1566 
tree model, 3415 




complexity classes, nondeterministic -, 914 
complexity, low -, 2225 
parallel complexity of 
convex hulls, 3415 
deadlock detection, 1006 
loops, 3396 
parallel composition, 961, 1114, 1137, 1157, 1.544, 
2131,2961,3455 
asynchronous -, 593 
fully synchronised -, 2920 
of languages, 3428 
operators, 3687 
rules, 3528 
parallel compositions, 3687 
parallel compositions of synchronization, 662 
trees, 662 
parallel computation, 835, 914, 1030, 1281, 1331, 
1335, 1589, 1774.2352 
by time-bounded ATM’s, 1281 
communication and computational requirements 
in -, 1331 
model, 688 
models, 1281, 1335,2052 
nondeterminism in -, 914 






parallel computations, 688, 764, 798, 1130, 1632, 
1641, 1790,3336 
on strings and arrays, 1641 
over abstract fields, 3233 
parallel computer architectures, 3409 
parallel computers, 835, 937 
construction of -, 835 




parallel configurations, 2441 
parallel connection, 833 
of shift-registers, 833 
parallel 
construction of perfect matchings, 1153 
constructions of maximal path sets, 3051 
control structures, 799 
decomposition of graphs, 3267 
derivations, 1175 
derivation trees, 25 
detection, 2667 
dictionary, 2922 
distributed-memory computers, 2755 
dynamics, 1719 




edge colouring algorithms, 1401 
evaluation of arithmetic circuits, 3193 
evolution of a network of automata, 944 
execution, 1416, 2409, 3432 
facilities, 109 
factorizations of polynomiaIs, 3311 
functional programs, 1065 
functions, 38 
parallel Gaussian elimination, 1209 
on SIMDhWMD computers, I209 
parallel generating system, 1561 
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pardlel 
high-level replacement systems, 3418 
image identification algorithms, 2517 
implementation, 1065, 2148, 2310, 3237, 3240 
3738 
implementations, 3496 
interval order recognition, 2693 
iterations, 944 
parallel jobs, 2467 
collection of -, 2467 
parallel language CSP. I I I4 
recognition, fast -. 821 
parallel 
languages. 2547 
machines, 914. 1363, 1684,2435,2461 
machine with simultaneous writes, 990 
parallel manipulation, 1208 
of sparse matrices, 1208 
parallel maps, C-injectivity of -, 386 
parallel maps for 
cellular automata, 386 
tessellation automata, open -, 545 
parallel maps, strong surjectivity of -, 386 
parallel 
matrix computations, 1039 
memory systems, I85 1 
MIMD computers, 1208 
model, 493 
multidimensional approximate array matching, 
1510 
N-free order recognition, 3412 
parallel numerical linear algebra, 2418 
parallel numerical method, 1399 
of mechanical theorem proving, 1399 
parallel object-oriented language, I137 
POOL, I 137 
parallel 
one-dimensional pattern matching, 2517 
online parsing, 2310 
operations, 1486 
operator, 1415. 3176 
palindrome detection algorithms, 2667 
parallel parsing, 1589 
complexity of -, 929 
of bracket languages, 1031 
parallel 
pebble game on trees, 1132 
planes partition, 968 
polylogarithmic time, 1006 
prefix computation, 1582 
processes, 1137, 1621, 1790 
parallel processing, 582 
benchmarks. 1210 
parallel 
processor systems, 2382 
processing benchmarks, design factors for -, 
I210 
processors subject to interruptions, 2386 
parallel product, 1213 
of event structures, 3307 
asynchronous -, 594 
parallel production, 238 
parallel program composition operators, 2481 
parallel programming, 3732 
parallel programming language, 600 
with shared variables. 600 
parallel programming languages, 662 
parallel programs, 36, 627, 1580, 2300, 2636, 2650 
design of -, 3687 
nondeterministic sequential form of -, 36 
proof techniques for -. 600 




RAM algorithms, 2416 
parallel random, 2693 
parallel random access machine, 929, 3729, 3733. se“ 
czlso PRAM 
with concurrent writes, II32 
without writeconflicts, 1031, 1132 
parallel random access machines, 1843, 3412 
with local memory, 133 I 
parallel random 
reduction, 2321, 2517 




repetition conjecture, 3106 
replacement heorems, 3418 
parallel rewriting, 877, 3418 
systems, 28, I97 
parallel searching, 3093 
parallel SIMD 
execution, 3316 
languages. 33 16 
parallel 
skip list algorithms, 2922 
solution of shortest paths, 3267 
sorting, 34 I5 
speed-up. 34 15 
string matching, 998 
synchronized processors, 730 
testing of satisfiability, 3246 
parallel time, 914, 2565, 2781, 3193, 3317 
bound, 2092 
complexity, 3093 
resisting sublinear -, 2565 
parallel 
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trace, 898 
transactions, 1424 
transformation, 298, 1632 
updates, 3220 
update transactions, 1424 
updating, 3183 
vectors, 3316 
while language, 1117 




parahehsation of sequential programs, 3316 
parallelism, 33, 36, 593, 875, 1335, 1090, 1114, 
1518,1621, 1765, 1782,2008,2129,2132, 
2338,2441,2511,3176,3342 
algebraic setting for -, 732 
degrees of -. 3436 
deterministic algorithmic languages without -, 
372 
distributed -, 2129 
from programs, extracting -, 1372 
full -, 493 
high degree of -, 1209 
maximal degree of -, 2132 
models of -, 36 
of graph manipulations, 238 
on networks of workstations, 3730 
theorem for graph derivations, 238 
theory for -, 875 
parallelizable, 2225 
parallelization, 1132, 1153, 1372 
automatic -, 3193, 3396 
parallelization of 
dynamic programming algorithms, 1132 
separator algorithms, 3351 
sorting networks, 1436 
parahelization 
patterns, 3732 
techniques, classical -, 1372 
parallelizations, 1424 
parallelizing 
functional programs, 1065 
loops, 3396 
multiple prover protocols, 2568 
sequential transactions, 1424 
parallelogram, 2423 
polyomino, 2423 
parallel-outermost strategy, 3244 
parallel-processed algorithm, 1348 




parameter passing, 520.542.548, 555,986, 1064: 
2805.2881 
compatibility of -, 548 
in algebraic specification languages, 555 
parameterized affine recurrence equations, 2232 
parameterized algebraic specifications, 2577 
complexity, 2757 
complexity, theory of -, 2757 
theory of -, 2577 
parameterized 
circuit complexity, 3518 
computational complexity, 2757 
conditional specifications, 3208 
homomorphism, 2159 
problem, 35 18 
problems, 2664 
reductions, 35 18 
specifications, 2577, 3208 
specifications, implementations of -, 2577 
string matching, Baker’s theory of -, 2904 
parameter-passing process calculi, 3526 
parameter-reduced grammar, 1058 
parameter-reduction, 1058 
of higher level grammars, 1058 






minimum spanning tree problems, 3464 
polymorphic function, 13 12 
parametric polymorphism, 1312, 2371 




study of architectures, 1210 
surfaces, 3240 
version of algebraic domain equations, 542 
parametricity, 13 12.23 12,2323,2592 
of elements of universal types, 1312 
Reynolds-Ma theory of -, 2592 
semantic aspects of -, 1312 
theory of -, 2592 
parametrization, 1185, 2345, 2353, 2702 
of abstract data types, 548 
of digital line segments, 3430 
parametrized bisimulation equivalence, 966 
parametrized data type, 1591 
parametrized data types, 542, 548, 555, 978 
constraints on -, 978 
implementations of -, 548 
parametrized 
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specification, nested -, 555 
specifications, 555,986 
types, 1444, 1662 
with respect to an F-domain, 1678 
parametrizing 
equivalences, 966 
geometric figures for containment, 1035 
paramodulation, 685, 1411 
restricted -, 685 
Paredaens, Bancilhon and -, 1633 
parent clauses. 2237 
parentheses 
languages, 619 
minimal set of -, 599 
terminal sysmbols as -, 599 
well-formed string of -, 767 
parentheses-free context-free Kolam array grammars, 
498 
parenthesis languages, 2355 
closure properties of generalized -, 455 
generalized -. 455, 599 
Parikh, 1698 
matrices, 68 
Harel, Kozen and -, 755 
maps. effectively constructible semilinear -, 404 
matrices, nonsingular -, 198 
Parikh’s theorem, 73, 2405 
Paris, 839 
Paris-Harrington large finite set, 628 
parity, 835, 910,2025,2081,2788,3365 
decision trees, 208 1 
function, 1594, 1853 
functions, 3347 
polynomial time, 1497 
parity-changing involution, 2245 
Park, 60. 1034, 1639, 1697, 1782 
derivative of Hitchcock and -, 3023 
induction, 3442 
Kozen and -, 343 1 
loosely implementable in the sense of -, 2643 
Park’s principle of fixpoint induction, 1629 
Parnas and Hoare, 414 
paronym words, 1143 
Parry, 2983 
parsable in polynomial time, 3510 
parse 




generator tools, 3 172 
generators, 1004 
TAG -, 3172 
parser-independent definition, 2678 
parsers, 85, 2056, 2057, 3804, 3808 
linear time -, 3 172 
LL(1) -, 3172 
look-ahead -, 2056 
LR(1) -, 3172 
recursive ascent -, 2057 
parses, 35 I, 2077 
Cl-LAG -, 2077 
parsimony, 2295 
parsing, 313, 1004, 1589, 1681, 2056, 2158, 3802, 
3806.3807 
algorithm. 260, 1540, 3803, 3808 
algorithms, 3804 
parsing automata. 313 
approach to LR theory, 313 
parsing 
bracket languages, 1632 
coupled-context-free languages, 3055 
parsing of 
bracket languages, 103 1 
linear context-free languages, 1589 
parsing 
paradigm, 3806 
parallel online -, 2310 
problem, 3803 
problems, 1132, 1589 
program, 669 




parsing tree, 929 
for strings, 929 
partial algebra 
of labelled partially ordered sets, 439 
with predicates, 3378 
partial algebras, 733, 2208, 2880, 3342 
category of -. 359 







Boolean functions, 3420 
Cartesian closed categories, 1830, 2590, see CI~SO 
pcccs 
characterizations of computable functions, 525 
commutation, 1202 
commutations, 670 
partial commutativity, 1135, 1263 
relation, 1263, 2284 
partial 
computation, 1672 
computational calculus, 1830 
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computations, 1409 
computed answer substitutions, 1409 
conditional specifications, 2880 
partial confluence, 3681 
of basic semi-Thue systems, 3681 
problem, 1344 
partial 
congruence relations, 3242 
consistency, 3182, 3369 
continued fraction expansions, 3659 
partial correctness, 248,556, 562, 709, 977, 1124, 
1312.2267 
assertions, 761, 769, 1792 
existential and universal -, 279 
Floyd-Hoare invariant assertion method for -, 
248 
partial correctness logic, 1314 
abstract treatment of -, 1314 
partial correctness of 
program texts, 368 
while programs, 368, 456 
partial correctness, proving -, 592 
partial 
data types, 1830 
deadlock, absense of -, 380 
deadlocks, 1744 
decomposition of a relation, 400 
partial deduction, 2330 
procedure terminates, 2330 
partial 
definitions, 1624 
derivatives, complexity of -, 459 
derivatives of regular expressions, 3 123 
descriptions, 2038 
deterministic finite automaton, 784 
differential equations, 3234, 3605 
equivalence relations, 1312, 1553, 1830 




fixpoint logic, 3630 
partial function 
concept, 23 15 
space, 2376 
partial functions, 61, 121, 171, 825, 895, 1017, 1186, 
1302,1314,1348, 1387,2202 
first order three valued logic for -, 1387 
partial 
functors, 1439 
generalized sequentia1 function, 114 
partial graphs, 307, 314 
programs as -, 307, 314 





identification of all r.e. sets, 3554 
inconsistency, 3334 
inductive definitions, 1624 
Partial information, 2038, 2402, 2640, 3191, 3223, 
3626 
in databases, 3626 
on stack elements, 3807 
partial 
instantiation, 2850 






lambda calculus, 1273 
lattice, 3411 
many-sorted unary algebras, 3342 
partial map 
classifier, 1830, see crlso PMC’s 




metric spaces, 2992 
models, 949 
partialmorphisms, 620, 2129, 2131 
categories of -, 2129 
category of -, 2131 
partial 
nondeterministic automata, 3561 
non-linear differential systems, 3594 
objects, 1082 
observation, 2640 
observational equality, 3242 
partial operations, 2065 
on data types, 1830 
partial order, 1157, 1623, 1716, 1811, 3173.3426 
complete -, 246. 523 
of degrees of complexity, 3 15 
partial order on the 
alphabet, 1567 
retractions of Ru, 331 





temporal logic, 1416 
well-founded -, 802 
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partial ordering, 1182, 1278, 2132, 2192, 3472 partially blind 
bisimulation equivalence, 2649 machines, 149 
derivation relation, 1415 multicounter machmes. 149 
logic, 3472 partially commutative. 1838 
relation, 2065 alphabet, 8 12 
semantics, 1415, 2132 alphabets, 1263, 1384 
partial orderings, 153, 1415 free monoids, 1354 
of events, 1415 monoid, 1463 
complete -. 875 monoids, 1002 
partial orders, 1059, 1135, 1416, 1417.2011. 2071 monoids, free -. 893,947, 954 
2206,2287,2376,3385,3407 polynomials, 1094 
categories of -, 153 power series, 1838 
causal -, 2157 rational power series, 1838 
interval -, 2157 shuffle product, 1789 
labelled -, 2545 words, 1789,3086 
partial orders of 
degrees with respect to polynomial time 
words, dependency graphs of -, 3024 
partially 
reducibility, 3 15 commuting indeterminates, 17 18 
dimension two, 3407 decidable, 1008 
updates, 1424 defined functions, 1739 
partial orders, theory of -, 2206 
partial 
observed Markov decision processes, 3099 
partially ordered. 1504 
parametrizatron, 1185 quotient algebra model, 490 
path group, 1647 semantics, 964 
precedence case, 3249 partially ordered set, 187 
preorders, 3404 partially ordered set of 
processes, 1639 all reductions, 586 
products, 2586 tasks, 245 
real number, 3 19 1 partially ordered sets. 228, 482, 560, 1424, 3402. 
partial recursive 3404 
function, 23 18 
functionals, 481, 1321 
completeness properties of, 482 
chain-complete -, 482 
partial recursive functions, 46, 125, 135, 521, 523, chain-completeness of -, 482 
875, 1538. 1624, 1637 labelled -, 439 
invertible one-variable -, 1257 partially ordered sets of 
representation of -, 135 conditions and events, 560 
partial recursive states. 1215 
one-place functions, 1398 partially ordered 
real functions, 419 
sequence functions. 317 
sets, orchain complete -, 482 
symbolic grades, 3334 
partial 
shuffle operation, 3486 
partially-ordered alphabet, 1184 
solution, 237 I 
partially-ordered data type structures, 882 
syntactic calculus of -, 882 
specifkar;ons, 1639 
stable models, 3207 
partially-ordered types, 882 
partially-specified table, 776 
partial trace partial-match 
behavior, 2545 file designs, nonuniform -, 96 
semantics, 2545 queries. 1174 
partial partial-order semantics, 1059 
traces, 2545 partial-order semantics of 
rype information, 2371 nets, 1699 
types, 237 1 Petri nets, 1699 
walks, 3097 partial-order sets, 2299 
partiality, 1273, 1442, 1830, 2590 
partially Abelian square-free words, 1514 
partial-ordering models, Lamport’s -, 3472 
particular solutions of a DE, 3590 
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partition, 786, 1847 
functions, 2385 
into triangles problem, 816 
problems, 2774 
logics, monadic -, 3054 
parallel planes -, 968 
quantifiers, monadic -, 3054 
partitioned cellular 
automata, 3219 
automaton, 2779, 3285, see nlso PCA 
partitioned commutation, 670 
partitioned, framework of - CA’s, 2779 
partitioning, 1451 
a digital curve, 3430 
algorithm, Hopcroft’s fast -, 396 
point sets, 968 
problems, 3 126 
partitions, 2333,2495,2621,2716,2726 
minimum weight -, 1251 
of infinitely-flat semi-circular polygons, 
minimum weight -, 1251 
partitions, skew 
plane -, 2259 
shifted plane -, 2259 
partizan variations of impartial games, 2141 
party cascade protocols, 777 




languages, 1067, 1441 






event occurrences, 1793 
operators, 3 195 
temporal operator, 327 1 
past-time modalities, 2787 
Paterson, 182 
and Wegman linear unification algorithm, 2175 
Meijer, Fokkinga and -, 3319 
Meyer and -, 1800 
Munro and -, 3 166 








expressions, theory of -, 606,701 
formulae, 3619 
group, 1647 
path length, 1852 
external -, 1280 
internal -, 1364 
of a search tree, 2936 
of AVL trees, 1364 
path lengths, 1406, 2656, 2701, 2716 
suboptimal -, 2656 
path 
network topology, 3487 
notation, 380 
of a successful run, 1732 
orderings, 2062,2684 
path orderings 
lexicographic -, 2646 
recursive -, 367 
path 
planning algorithm, 2656 
problems, 2722 
program, 1744 
path programs, 380 
properties of -, 380 
path 
retrieval data structure, 951 
sets, maximal -, 3051 
path-characterization, 2688 
path-connected subset, 323 
path-controlled embedding, 1647 
path-following, 2526 
path-forming games, 2142 
complexity of -, 2142 
pathological 
behaviour, 2624 
infinite internal computation, 3107 
paths 
accepting -, 2025.2163 
counting -, 723 
disjoint -, 2722 
Dyck -, 2254 
in a graph, 1105 
noncrossing -. 2249 
n-tuple of -, 203 1 
passing infinitely often through a set of states, 
616 
regular sets of -, 755 
reversals, 2252 
shortest -, 2006.2234.2656.2709 
suboptimal -, 2656 
with bounded number of terminal pairs, 1291 
pathwidth, 3390, 3408 
of a graph, 3254 
Patricia tries, 1107, 1592, 1280, 2085, 2086, 2719 
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balance property of -, 2085,2086 
binary -, 1280 
pattern, 848, 1139, 1510, 1705, 1712, 1714, 1748 
additions, 2068 
avoiding permutations, 3259 
classification, 3075 
codes, elementary -, 1338 
decomposition for tessellation automata, 298 
forms, 2158 
generating a given erasing pattern language, 3491 
grammars, 34 1, 2892 
pattern graph, 2069 











for strings, 3297 
implementation, 1338 
machines, finite state -, 497 
modulo transformations, 1139 
of graphs. 3030 
problem, 1245, 2 101 
theory of -, 2158 
two-dimensional -, 2517 
undecidability of -, 2101 
pattern 
matchings, 3030 
migration -, 3345 
pattern occurrences, 2487 
total number of -, 2487 
pattern preprocessing, 2068, 3006, 3078 
pattern recognition, 2927, 3504 
problems, 1712, 2929 
pattern 
rewrite systems, 3679 




string, 1382, 1712 
string matching machines, 497 
strings, 1709 
systems, 2892 
pattern-matching, 1641, 2334 
automata, 1641 
two-dimensional -, 2517 
patterns 
abstract common -, 2224 
in a text, 2904 
in search procedures, lie -, 908 
in strings, 1 I39 
individual -, 2487 
memory access -, 2926 
nonuniform addressing -, 2385 
patterns of 
lies in a search game, 646 
recursion, 3319 
patterns 
repeating -, 2737 
trees split into -, 3139 
two-dimensional -, 2393,2756 
Patterson. Sardinas and - algorithm, 2 114 
Paul, 572,2492 
Paul’s 
Boolean function, 572 
function. 572 
p-automatic, 2123, 2948 





Orlowska and -, 1689 
Pawlak’s information systems, 3693 
payoff games on graphs, 3129 
Paz, 2740 
and Moran, 249 
P-bi-immune, 2603 
languages, 2603,3087 
sets. 2288, 2603 
sets, existence of -, 2603 
P-bisimilarity, 3621 
p-btt-complete, 3201 
PC grammar (parallel communicating grammar), 
3199 
PCA (partitioned cellular automaton), 2779, 3285 
with von Neumann neighborhood, 3285 
PCD (piece-wise constant derivative), 262 1 
systems, 2621 
PCF (programming language), 3 19 1 
extended with real numbers, 3191 
functional language, 3268 
paradigmatic sequential language, 3436 
style languages, 2594 
PCGS (parallel communicating grammar system), 
2419,3199 
P-complete, 623, 636. 723, 1437 
#P-complete, 1507 
P-complete, 1640, 2422, 2676, 3217 
problems, 623, 2422 
set, 835 
p-completely creative sets, 1587 
PCP (Post correspondence problem), 428,3033 
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undecidability of -, 428 
PCP( l), decidability of -, 428 
PCP(2). decidability of -, 428 
p-creative sets, 1587 
PCS (parallel communicating system), 1819, 2419, 
2558 
PDOL forms, 122 
form equivalence of -, 122 




systems, deterministic interpretations of -, 88 
PDlL languages, 28 
extensions of -, 28 
PD2L languages, 28 
extensions of -, 28 
PDA (pushdown automaton), 70, 85, 1803,3469 




PDL (propositional dynamic logic), 346, 361,431, 
541,552,703,825,1698,2284,3036,3322 
extension of dynamic logic, 2284, 3 13 1 
operators, regular -, 3036 
propositional dynamic logic, 292, 346, 541, 552, 
1627, 1698,3036 
variant of -, 2284 
with interleaving, 3036 
PDL,, test free propositional dynamic logic, 346 
p.d.p., pushdown permuter, 469 
PDT (pushdown transducer), 1803 
P,, eraser Turing machine class, 1613 
PE, 2659 
organization, 1671 
partial evaluation, 1671 
Peano arithmetic, 456, 698, 1220 
postcondition calculus in -, 456 
Peano axioms, 434,456 
program equivalence over the -, 434 
Peano models, 337 
pebble 
automata, 861, 1032 
demands, progressive -, 921 
pebble game, 
black -, 282 
black-white -, 282 
on trees, 1132 
pebble games, 282, 395, 921 
on graphs, 282 
pebbled vertices. 395 





Peleg and Awerbuch, 2474 
pen computing, 3470 
Penelope’s graph, 3722 
Penttonen and Farinas de1 Cerro, 2447 




perfect information, 3099 
game, 329 1 
games, 3 129 
perfect matchings, 262, 1153, 2021, 2726, 2739 
edge disjoint -, 2021 
perfect matchings in 
bipartite graphs, 262 
planar graphs, 262 
perfect memory, 2140 
perfect model semantics, 1455, 1608, 2145 
of negation as failure, 1455 
perfect 
models, 2098, 2145 
search, 25 13 
shuffle computer, 1132 
tiling, 3493 
unbounded one-way FIFO channels, 3229 
perfect zero-knowledge, 2510 
interactive protocol, 1573 
proof system, 2510 
perfect zero-knowledge proofs, 2510 
interactive -, 2510 
noninteractive -, 2510 
perfect ZK proof systems, 2510 
performability 
measures, 2441 
modeling techniques, 2441 
performance, 1407 
benchmarks, 1210 
automatic improvement of -, 2681 
performance bounds, 3463 
for record allocation heuristics, 345 
performance equivalence, 2649 





measures, 2385, 2387 
modelling of computer systems, 470 
of randomised algorithms, 3463 
problem, 3739 
specification, 2625 
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performance/cost ratio 
networks with optimal -, 938 
optimal -, 938 





of DOL systems, 1529 
two Nim sequence, 1787 
periodic arrangements, 87 
paging-complexity of -, 87 
periodic 
behaviors of morphisms, 1383 
behaviour, 1719 






division pattern, 1561 
dumps, 2388 
finite number of - points, 2525 
fractal function, 2356 
function, 1280 
hexagonal division sequences, 1561 
languages, 55 1 
orbit, 2341 
orbits, dense -, 3225 
point, 3228 
recursive construction of - steady states, 2703 
semigroup, 1369 
periodic sequences, 749 




symbolic dynamics coding sequences, 3149 
ultimately -, 860 
periodicity, 888, 2704 
in TMT’s, 3228 
periodicity of a 
language, 487 
word, global -, 177 
periodicity of 
BCF languages, 1595 
DOL systems, 1529 




versus local catenativity, 888 
ultimate -, 888 
periods, 2599.2605. 2719,273O 
periods of 
strings, generalized, 3255 
words, 1705,3256 
permanent 
of (0, l)-matrices, 163 
Boolean -, 262 
complexity of computing the -, 163 
permissible sequences, 173 
of distinct actions, 173 
permissive parallel RAM model, 627 
of computation, 627 
permissive supervisors, 2773 
permitting conditions, 804 
permutability properties, 2572 
permutation, 44, 71, 173, 3 140, 3352 
automata, 177 1 
equivalence, 2579 
generation, 3 139 
graph, 3403 
graphs, 1045, 1690 
permutation groups, 717, 1642, 2109, 2257 
characterization of -, 2257 
of the infinite complete binary tree, 1642 
permutation 
inference, 3 182 
matrices, 3092 
packet routing, 1030 
permutation property, 123 1 
of infinite words with linear complexity, 123 1 
permutation 
representation, 741, 1690 
routing, 2982 
theory of one -, 822 
variants, 2391 
permutation-of-transitions, 2669 
permutation-reset deterministic automata, 2740 
permutations, 469, 717, 741, 822. 1211, 2257, 2261. 
2391,2413,2495,2498,3069 
cycle decomposition of -. 2498 
enumeration methods in -, 1368 
function mapping -, 2261 
generated by token passing in graphs, 3259 
group of -. 3 186 
theories of -, 822 
wedge-free -, 226 1 
permutation-SCSe, 2391 
permutation-SCSt, 2391 
permutative theories, 2268 
permutators 
finite hereditary -, 222 
hereditary -, 222 
permuters, pushdown -, 370 
permuting symbols, 469 
perpendicular projection, 1285 
perpetual 
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computation, 1410 
logic programs, 1826 
processes, 14 10 
strategy theorem, 2413 
Per& 52, 1105, 1822,2736,2900 
Beauquier and -, 1822 




Perrin conjecture, 1044 
Perron-Frobenius operator, 1232 
Perrot, 52 
Perrot’s theorem, 142 
Persiano and De Santis, 2701 
persistence, 1108 
axiom, 1108 
of belief, 1108 
persistency, 1730, 986 
persistent 
algorithm, locally -, 3020 
infinite internal computation, 3107 
parametrized data type, 1591 
Petri net, 93 
repository of information, 3688 
strongly - algebraic domain equations, 542 
systems, 527 
perspectives, 2098.2154.2410, 2435, 2634.2714 
PERT networks, 1156 
perturbation 
analysis, 3594 
theory in non-standard analysis, 3597 
PE’s (processing elements), 2659 
Peterson, 862, 3458 
and Fischer, 668 
Baird and Wilkerson, 2045 
Peterson-Stickel procedure, 1275 
Petri, 271,439, 1135, 1336, 1776 
Petri net, 1388.3422 
concatenable processes, 3212 
languages, 149,310,478,767,2420 
marked -, 617 
Petri net model, 790 
high-level -, 272 
Petri net 
modelling, 2373 
model of concurrent processes, 790 
reachability problem, 1547 
reachability sets, 81 
semantics, 1499, 1780, 3059, 3060 
theory, 1059 
Petri nets, 30, 56, 81, 93, 173, 271, 304,470, 560, 
597,617,628,688,764, 767,790,818,839, 
872, 1202, 1451, 1489, 1492, 1547, 1678, 




Petri nets, l-safe -, 2761, 3061 
finite -, 3073 
Petri nets, algebraic treatment of -., 2028 
Petri nets as generators of 
string languages, 53 1 
subset languages, 531 
Petri nets, 
coloured -, 3213 
deterministic languages of -, 688 
extended free-choice -, 2193 
extensions of -, 478 
fair -, 2583 
finite, -, 2373 
Petri nets, finite containment problem for -, 839 
pairs of -, 628 
Petri nets 
generalized -, 56 
high level -, 881 
infinite behaviour of _, 516 
language theoretical properties of -, 531 
models of -, 818 
nonpersistency of -, 5 14 
normal -, 617 
place/transition -, 3062 
power of -, 767 
reachability problem for -, 23 1 
Petri nets, semantics 
for -, 3061 
of -, 3062 
Petri nets 
subclass of -, 2007 
subset languages of -, 538 
with structured tokens, 1489 
Petri’s 
common element postulate, 579 
notion of confusion, 271 
Pevzner, 3559 
P-factorisability, 3621 
PFA (probabilistic finite automaton) 
Pfaffian 
functions, 2523, 3100 
technique of Fisher and Kasteleyn, 262 
Pfender, Ehrig, - and Schneider, 620 
PFH (complexity class), 1850 
PflCigel, 3593 
p-generic, 985 
PGRS (graph rewriting systems with priorities), 2210 
PH. 1734 
polynomial compIexity hierarchy, 320 
polynomial-time hierarchy, 1734, 3019 
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PH = PSPACE, 795 
#PH, 1850 
functions, 1850 
PH(A) = PQH(A), 795 
#P-hard, 1577 
phase 
change, 27 18 
locking protocols, 2795 
PHCF (polynomial hierarchy of counting functions), 
916 
time hierarchy of counting functions, 916 
phenomena 
nonlogical -, 2532 
self-organization -, 2525 




structure grammars, 2028, 2077 
structures, 3801 
physical 





ff , property, 23 16 
fI”, ultra-metrics, 1795 
tit uniformity, 1559 
no?, 1829 
R”2 arithmetic formulae, 1260 
no,, 1829 
no3 sets, 1795 
no3 subsets, 1795 
R’, formula, 2636 
D’, second order arithmetic, 1260 
nz theories. 2357 










expressive power of the -, 2961 
transitional semantics, 3265 
with replication, 3059 
Pickering, Conte, Fordy and -, 3594 
picture, 1295 
descriptions, 711, 1295 
language, chain code -, 711 
picture languages, 496,711, 1008, 1380, 1523, 205 I, 
3485 
2-retreat-bounded regular -. 2501 
picture languages, decidability for, 
chain code -, 7 I I 
restricted classes of -, 1380 
picture languages, 
intersection emptiness problem for -, 1380 
k-reversal-bounded regular -, 205 1 
retreat bounded -, 2501 
reversal-bounded -, 2051 
picture languages, stripe 
context-free -, 205 I 
linear -, 205 1 
picture 
membership problem, 1380 
recognition algorithm, 2501 
words, 2120 
pictures, 711, 1636, 2120, 2501, 2728, 2766 
digital -, 2766 
generation of two-dimensional -, 496 
in the plane, 3 145 
of functions, 463 





Voronoi roadmap, 2653 
piecewise testable 
events, 678 
language recognition, 1643 
languages, 1113,3041,3413 
piecewise-constant derivatives systems, 2621, see 
crlso PCD 
piecewise-linear trajectories, 2620 
Pierce et al., 2153 
Pierce’s proof of undecidability of typing, 2639 
pigeonhole principle, 660, 775, 1177, 3182 
~1, subcalculus of the x-calculus. 3277 
Pilling, 1667 
pilot training, 362 
P-immune, 915 
P-immune languages, 3087 
P-immune sets, 2288 
p-immunity, 985 
Pin’s result, 630 
analogue of -, 630 
Pinter and Wolfstahl, 1580 
Pinwheel 
real-time scheduling problem, 1846 
scheduling, 1846 
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$,-hard, 3350 
pipeline, 3808 
parallel process, 3808 
parsing, 3808 
pipelining transformation, 3687 






p-isomorphism conjecture, 1571 
Pisot number, 3462 
Pisot-Vijayaraghavan numbers, 2983 
Pitts, 1312 
and Hyland, 2153 
Crole and - FIX logical system, 2594 
pixels, layers of -, 834 
PJNF (projection-join normal form), 3586 
P-justified revisions, 3628 
PL (process logic), 755 
PL, 2447 
formula operators, 755 
Pla, 3722 
place-and-transition invariants, 881, 1489 
place-invariants, 3058 
placement of resources in a tree, 3292 
place/transition, 2333, 2669, 2786 
net systems, structure theory of -, 3065 
nets, 818, 881 
nets, pure -, 3422 
Petri nets, 3062 
plain grafts, 1741 
plaintext blocksize, 952 
Plaisted, 2062 
algorithm of - and Kapur et al., 2070 
conjecture of -, 2062 
plan generation, 2188 
planar 
acyclic digraphs, 2291 
Boolean circuits, 1805 
dags, 1324 
digraphs, 2291 
function counting rooted - maps, 2243 
planar graph, 323, 1042, 1612, 1649,3338 
colouring, 1649 
embedding, 2291 
planar graphs, 16, 752, 816, 1147, 1401, 1437, 1833, 
2169,2174,2234,2472,2106,2722,3147, 
3267.3464 
bipartite -, 2759 
four-colouring -, 3067 
perfect matchings in -, 262 
subgraph isomorphism problem, 1291 




maps, 98, 1599 





motion planning, 2658 
orientations, 1612 
point sets, 3403 
planar region location, 347 
algorithms for -, 347 
planar 
regions, 2162 
stage graphs, 3403 
St-graphs, 1156 
trapezoidal, 2349 





algorithm, linear-time implementation of the 




Euclidean -, 2399 
projective -, 2256 
plane representations, 1156 
of acyclic digraphs, 1156 
plane, two-dimensional -, 2731 
planning, 2656 
paths, 2656 
fast -, 2656 
motion -, 2291.2653, 2655, 2657 
shortest-path -, 2655 
plant, 2625, 2627.2628 
DES -, 2627 
physical -, 2628 
Plantholt, 3466 
plasma pattern, 1338 
plausibility functions, 3333 
player in a game, 646 
player model, 2643 
Players, 2078, 2117, 2140, 2142, 2169, 2289,2359, 
2492.2512 
p-l-complete, 1587 
plethysm operation, 2260 
PLIJ, 257 
Plotkin, 482,605,709, 1417, 1550, 2324 
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Plotkin and 
Smyth, 13 15 
Tait, 2594 
Winskel, Nielsen, -, 1776 
Plotkin 
power construction, 2587 
conjecture of -, 539 
Kahn and - theory of concrete data structures. 
2008,23 19 
methods of -, 2594 
Plotkin powerdomain, 605,709, 2038 
operation. 2150 
Plotkin 
style inference rules, 2482 
Smyth and -, 1417,3216 
Plotkin-Engeler, 601 
Plotkin’s concrete 
domains, 27 1 




transition systems, 1137 
Plotkin-style operational semantics, 2271 
PLS (polynomial-time local search). 3338 
PLS-complete, 3338 
P-matrices, 1527 
n-nr+complete degrees, 2762 
for DEXT, 1.587 
PMC (partial map classifier), 2590 
p-measure, 3201, 3262 
0.3130 
l-results, 3262 
PMF (partial map file), 96 




P n property of semigroups, 3018 
Pnueli. 2152 
Burstall and -, 1258 
Manna and -, 522. 1495, 3271 
point location, 1575 
problems, 125 I 
pointed algebraic theory, 1856 
pointer-free data structure, 1576 
pointers, 1576 
pointfree topology, 3 110 
point-relativized functional LAAs, 2647 
points with dense orbits, 860 
point-to-point model, 1849 
pointwrse ordering. 2008 
Poisson 
approximations, 3625 
arrival stream, 2386 
processes, 3398 
pole assignment, 3446 
policies, static traffic allocation -, 2383 
Polish topology, 325 
metric spaces with -. 325 
Pollard, 1650 
Poly, 1601 
Polya urn models, 2718 
polyadic algebras -, 2647 
poly-automata networks, 138 
polycategory structure, 1092 
polygon, convex hull of a -, 3227 
polygonal 
goal regions, 2658 
obstacles. 2656, 2658 
polygons, 2029,2082, 2162.2653.2655.2657.272X 
pairwise disjoint -, 2029 
recttlinear -, 2657 
special classes of -, 2657 
polyhedra 
geometric duals of -, 143 
intersection of -, 143 
polyhedral domains. 2029 
polyhedral intersection, 547 
fast detection of -, 547 
polyhedral 
ObJects, 2655 
sets, 262 I 
subsets. 262 I 
world, 2653 
polyhedron-polyhedron intersection problems. 547 
polylog. 2395, 2676 
polylog time. 3446 
poly-log time parallelism, 927 
polylogarithm, 3492 
polylogarithmic, 2706 
factor, 2565, 2668, 2671 
functions, 2395 
parallel time, 1039 
time, 1347. 1526 
POLYLOGTIME reductions, 2782 
polymorphic 
abstract data types, 3803 
behavior, 1830 
Booleans, 1122 
data types. I3 I2 
extensional collapse, 1122 
fixpoint constructor, 1723 
functions, 23 12, 2323 
higher-order functions, 3732 
Horn clause programs, 1662 
identity term. I3 12 
integers, 1122 
polymorphic lambda calculi. 13 12 
model-theoretic studies of -, 13 I 2 
syntax of -, 1312 
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polymorphic lambda 
calculus, 1122, 1312, 1487, 1488, 1552, 1553, 
3374 
term rewriting, 1552 
polymorphic 
h-calculus, 1315, 1664, 2101, 2323, 3299 
let-in constructor, 1723 
operators, 1440 
polymorphic programming languages, 2588 
semantics of -, 2588 
polymorphic 
recursive procedures, 1723 
rewriting, 1552 
set theory, 1142 
syntax definition, 3803 
polymorphic type 
assignment system, 2445 
inference, 1373 
system, 1662, 3732 
polymorphic 
types, 1312.1662, 1764,2595 
typing, strong -, 2957 
polymorphically typed computable functions, 1423 
polymorphism, 1312, 1122,1423, 1487,2065,3027, 
3803 
first-order -, 3027 
Girard’s model of -, 1294 
implicit -, 2742 
interpretations of -, 1312 
on inductive types, 3581 
semantics of -, 13 12 
structural -, 2207 
polynomial, 877 
advice, 1837 
polynomial algorithm, 228,354, 1064, 1404, 2193, 
3101,3152,3681 
for deciding bisimilarity, 3002 
polynomial algorithm for the 
equivalence problem for simple grammars, 3002 
membership problem, 3 152 
polynomial 
algorithms, 1048, 1498 
approximations, 1424 
approximation theory, 2998 
behaviour, 244 
bound, 2605 
polynomial bounded, 525 
intuitionistic proof system, 180 
polynomial bounds on recursion schemes, 535 
polynomial closure, 1693 
of group languages, 3323 
polynomial 
coefficients, 2523 
complete probabilistic -, 503 




control systems, 3119 
decision procedure, 2147 
polynomial degrees, 770, 992, 1462 
minimal pairs of -, 29 
of low r.e. sets, 1462 
with subexponential complexity, 29 
polynomial determination, 1064 
polynomial 
dynamic programming membership algorithm, 
877 
enumeration, 1497 
polynomial equations, 280, 510.2526, 2530 
iterations for -, 451 
solving systems of -, 2526 
system of -, 2530 
polynomial evaluation, 558, 2700 
problem, 2700 
polynomial 
factorization over finite fields, 3546 
functions, 107, 128 
GCD, 3233 
polynomial growth, 1794 
rational series, 197 
series of -, 197 
polynomial hierarchy, 162, 320, 377, 708, 844, 1040, 
1509, 1569, 1799,2019,2198,2288,3087, 
3392,3395 
relativized -, 162 
polynomial 
honestm-degrees, 1462 
ideal, 2548, 3600 
ideals, 3599 
interpretations, 2685 
isomorphism types, 770 











polynomial number, 2365, 2772 
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PDT’s over semirings, 1803 genericity, 3262 
predicate, 436 TM, 623 
randomized time, 3068 
random reduction, 3068 
reduction, 770, 1335, 2770,3068, 3129, 3681 
reductions, 320,426 
semiring, 1718 
optimization problems, deterministic -, 3 19 
polynomial size, 1465, 1821, 2672 
depth-l circuits, 3014 
proofs, 1244,3182 
polynomial solution to a combinatorial optimization 
problem, 426 
polynomial space, 93,431, 541,916,967, 1799 
bounds, 468 
complete, 50, 180 
complexity, 935 
on a Turing machine, 1843 
polynomial 
speedup, 262, 1335 
systems, 98,829,2529,2531,2548 
systems, symbolic solution of -, 2548 
polynomial time, 14, 17, 29, 209, 302, 315, 323, 419, 
493, 5 18, 598, 607, 623, 636, 667, 674, 7 17. 
724, 731, 752, 809, 816, 896, 915, 916, 926. 
928,935, 1003, 1045, 1058, 1300, 1366, 1370, 
1403, 1420, 1428, 1437, 1497, 1509, 1517, 







polynomial time acceptance by 
multicounter machines, 17 
nondeterministic oracle machines, 140 
polynomial time algorithm, 69, 120, 1457, 1794, 
2017,2169,2495,3031 
deterministic -, 854 
polynomial time algorithms, 209, 245, 339, 391, 634, 
67 1,7 17,756,762,3408,3559 
for homomorphisms, 756 
deterministic -, 756, 785 
polynomial time 
almost -, 377 
approximable, 302 






polynomial time bounded, 3201 
devices, deterministic -, 315 
version of Lebesgue measure, 3262 




complexity, 1064, 1508 
computability, 164 
polynomial time, computability, relative -, 29 
polynomial time computable functions, 985 
differentiability of -, 419 




computations, nondeterministic -, 163 
decidability, 47 
decidability in -, 228 
decidable, 324, 352, 360, 365, 392 
degrees, 1182 
deterministic -, 57, 290, 3019 
polynomial time equivalence relations, 
many-one -, 748 
one-one -, 748 
polynomial time for finite monadic Church-Rosser 
Thue systems, 1300 
polynomial time hierarchy, 50, 51, 916, 1497, 3068 




lattice basis reduction algorithms, 1025 
learnable. 3347 
many-one reducibility, 290 
monotone computable, 262 
nondeterministic -, 50, 290 
polynomial time nondeterministic 
algorithms, 8 16 
oracle machine acceptance, 140 
polynomial time 
one-one reductions, 748 
random matching algorithm, 2739 
recognizability in -, 255 
polynomial time reducibilities, 8,607 
equivalence results on -, 607 
polynomial time reducibility, 315, 1182 
randomized -. 910 
polynomial time 
reductions, 809, 1049 
translation. 180 
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reductions, 661 
polynomial time, weak -, 2521 
polynomial time-bounded, 1445 
probabilistic oracle machines, 1734 
probabilistic Turing machines, 1734 
reducibilities, 409 
polynomial 
to evaluate, hardest -, 72 
upper bounds, 2081.2302 
vector fields, 3 120, 3 12 1 
polynomialiality of membership, 877 
polynomial-length 
program characterizations, 2088 
programs, 2088, 3497 
polynomially approximable, 3467 
polynomially bounded, 1729 
DOL languages, 694,991 
problems, 3020 
rational transductions, 1325 
polynomially 
computable function, 770, 771 
decidable, 3681 
enumerable by iteration, 1497 




reducible, 77 1 
simulate, 3 134 
space-bounded algorithms, 535 
tractable, 3847 
verifiable, 1527 
polynomial-related time-space complexity, 2177 
polynomials, 1193, 1311, 2021, 2127, 2141, 2377. 
2395,2408,2496,2523,2526,2531,2664, 
2700.2752 
additive complexity of, 200 
of rational functions, 1325 
algebraically complete -, 262 
Bell -, 2247 
Bernoulli -, 2165 
complexity of -, 903 
evaluating -, 145 
evaluation of -, 72 
factoring -, 667 
factors of -, 912 
hard to compute -, 242 
k-sparse multivariate -, 2613 
left simple -, 1320 
linear equations over -, 762 
noncommutative -, 2258, 2427 
non-degenerate systems of -, 2526 
orthogonal -, 2250 
polynomials over 
a finite field, 3595 
a partially commutative alphabet, algebra of -, 
1384 
polynomials over arbitrary algebras, 13 11 
definitions of -, 1311 
polynomials over fields of characteristic zero, 1578 
polynomials over finite 
fields, 1003, 1578 
fields, multivariate -, 2999 
polynomials over 
free process algebras, 1320 
the rationals, multivariate -, 2999 
polynomials 
probabilistic -, 2181 
product of -, 172 
quotients of -, 204 
ring of -, 229, 762 
semilinear left -, 1320 
theories based on -, 13 11 
polynomials with O-l coefficients, 145, 200 
polynomials with algebraic coefficients, 145, 241 
complexity of -, 241 
lower bounds for -, 24 1 
polynomials with 
coefficients that are roots of unity, 241 
many non-commuting variables, 33 11 
symmetric Galois group, 912 
simple zeros, complex -, 451 
polynomial-sample learnability, 2611 
polynomial-size, 1178, 2089, 2165 
arithmetic circuits, 2165 
bounded-width branching programs, 1178 
polynomial-size circuits, 715, 1297, 2619 
polynomial-size circuits for 
solving NP-complete problems, 1297 
symmetric functions, 715 
polynomial-size 
deterministic decision trees, 2081 
representations, 3395 
table, 1297 
polynomial-space bounded, 3038 
polynomial-time, 1424, 1506, 1581, 1590, 1850, 
2364,2489,2664,3474 
I-tt-hard sets, 2220 
l-Turing reductions, 1850 
adaptive query machines, 1531 
polynomial-time algorithm, 1164, 1516, 1640, 1791, 
3 129.3547 
for linear programming, 3014 
polynomial-time algorithms, 1300, 1370, 1377, 1771, 
2007,2017,2072,2142,2355,2408,2447, 
2501,2604,2738,3470,3698,3734 
for finite monadic Church-Rosser Thue systems, 
1300 
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polynomial-time approximation polyomino, 2423, 2764 
algorithm, 1424 polyomino, 
algorithms, 2564 column-convex -, 2927 
preserving reducibility, 2802, 2925 parallelogram -, 2423 
polynomial-time row-convex -, 2927 
bounded NTM, 354 I polyomino tilings, 2764 
composition function, 2302 polyominoe families, 2764 
computability, 1445, 1791. 2282 polyominoes, 1477,2423,2764, 3 140.3 146 
bounded Turing machines, nondeterministic -, convex -, 2927 
255 
polynomial-time computable, 2731 
counting parallelogram -, 2254 
defined by their vertical and horizontal 
curve, 273 1 projections, 3 146 
polynomial-time enumeration. 666 
computation, 1800 polytape, 708 
constraints, 2489 machines, 708 
counterparts, 2087 polytime approximations, 3099 
function, 1791 polyvariancy, 1340 
hierarchy, 255, 309, 981, 1077, 1601, 1734, 2087, PO. 84, 187,222,895.3043,3574 
2181,2619,2783,2788,3019,3622 Pw, lattice -, 187 
inference algorithms, 1167 Pw model, 1628,3043 
k-to-k’ reduction, 2364 Pw, Scott’s domain -, 33 1 
hierarchy, nonuniform -, 530 P,,, 523. 601 
polynomial-time learnable, 3347 pomset (set of node labelled partial orders), 1157, 
logic programs, 3557 1678.2196 
polynomial-time classes, 2576 
local search, 3338 process, 1678 
machine, 1106 trace equivalence, 2373 
many-one-hard, 2220 pomsets, 1157, 1678 
many-one reductions, 1297, 1517 pomsets under concatenation, 1157 
mreducible, 1377 pomset-trace equivalence problem, 3073 
nonadaptive query machines, 1531 Pomykala and Pomykala, 3536 
positive-bounded-truth-table reductions, 1581 P-optimal 
programs, 1297 algorithms, 793 
public-coin verifier. 2177 approximation algorithms, 793 
queries, 1590 heuristics, 2 10 
recognition algorithm, 3294 thresholds, 793 
reducibilities, 1506, 1638 populations, 3839 
reducibility, 1850 portability, 3557 
reducible, 2611 poset, 1504, 1778 
polynomial-time reductions, 2364, 2505, 2727 case, 1294 
length-increasing -, 926 categories, 2950 
polynomial-time canonical completion of a -, 3029 
relative strengths of -k-to-k ’ reductions, 2364 chain completion of a -, 83 
semidecision algorithm, 3035 poset of unsolvable terms, 939 
simultaneous -, 2676 universality of the -, 939 
solution for the Steiner tree problem, 3294 poset, Z-inductive -, 133 
testable, 1640 poset-based model, 1702 
polynomial-time Turing posets, 799, 2299, 3402, 3407, 3438 
completeness in PSPACE, 1800 encoding of -, 1324 
degrees, 1804 locally presented -, 1324 
machine, I58 I position restricted 
machines. nondeterministic -., 916 grammar forms, 349 
reducibility, 992 grammars, 569 
polynomial-time Turing-equivalent, 1377 type, 349 
polynomial-time-solvable, 2391 positional games, 3359 
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of Berge, 3359 
positions, 2169, 2286, 2358, 2490, 2508 
canonical -, 2454 
domineering snake -, 2290 
final -, 2654 
positive 
algebraic series, 614 
automata networks, 805 










data, 2607, 2609, 2666, 3427, 3553 
positive examples, 3552 
in learning theory, 2052 
positive 
existential query, 1457 
groundedness property, 2059 
Horn clause logic, 1760 
instances of concepts, 837 
literal, 3847 
logic programs, 1453 
positive matrices, 1756 
representing linear maps, 1756 
positive 
positions, 3581 
pumping conditions, 886 
queries, 1731.3682 






truth-table self-reducible, 409 
weight, 2469 
positive-bounded-truth-table reductions, 1581 
positively conjunctive predicate transformers, 2881 
positiveness of rational sequences, necessary 
condition for -, 43 
Pas(w), category -, 359 





executions of a program, 3692 
fact problem, 1457 
interpretations, 2154 
interpretations, gathering -, 2154 
possible matching substitutions, 2037 
reduction of -, 2037 
possible plant state trajectories, 2625 
possible worlds, 1457 
possible-world semantics, 1600 
Post, 428,611 
correspondence problem, 1061.3033 
correspondence problems, 25 16 
simple sets, 1538 
tape, 1016 
correspondence problem, generalized -, 428 
Post(n), 1016 
postcondition calculus, 456 
post-conditions, 1017, 1425 
posterior probability, 3331 
postfix operators, 2678 
post-fixpoints, 1458 
Post-Markov theorem, 327 
postspecification operators, 2800 
potential 
compulation sequences, 256 
concurrency, 2184 
deadlock, 594 
deadlocks, characterizing -, 621 
potential for 
concurrent execution, 1441 
parallelism, 1065 
potential function method, 2252 
Pottinger, type theory of -, 564 
power algebras, 899 
of sets, effectively computable functions of -, 899 
power domain, 3445 
normalised probabilistic -, 2991 
power domains, 1417.2149 
convex -, 2149 
lossless -, 2587 
power 
indices, 2788 
law scaling, 3839 
objects in a topos, 1319 
power of 
lACM&)‘s, 1654 
a saboteur, 788 
acceptance, 1004 
additional pebbles, 3322 
alternation, 825, 3346, 3417 
an imprimitive word, 808 
asynchronous automata, 1151 
asynchrony, 3729 
power of automata, 639 
with time-space bounds, computational -, 333 
power of 
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automatic sequences, 1817 
axiomatic process semantics, 1059 
B-automata and M-automata, 853 
blind multicounter machines, 149 
cellular arrays, 1093 
power of chain rules, 549 




CREW PRAMS, 1632 
power of diagonalization, 62, 239 
over subrecursive classes, 239 
power of 
dynamical systems, 3288 
equationaly defined data abstractions, 303 
EREW PRAMS, 1632 
finite learning, 3554 
geometric oracle machines, 1651 
higher-order logic, 3270 
hybrid systems, 3288 
indirect addressing, 488 
integer division by, 2, 488 
languages of finite words, 1588 
lazy semantics. 3601 
LCF, 38 
learning in the limit, 3554 
linear-time CA’s, 1093 
logic, 1304 
LOOP programs as acceptors, 583 
negation, 262 
nets, descriptive -, 818 
neural networks, 1503 
nondeterminism, 1178, 3251 
nondeterministic Turing acceptors, 116 
ordering, 1590 
parallel machines, 1684 
Petri nets, 767 
polynomial time reductions, 1049 
power of probabilistic 
linear decision trees, 740 
strategies, 557 
strategies in inductive inference, 557 
power of 
products of automata, 1490 
proof systems, 1220 
quasi-real-time, 149 
random coin tosses, 3068 
recursive optimizers, 1176 
reducibilities, 1800 
self-stabilizing systems, 3353 
sequential and parallel functions, comparative -, 
38 
simple one-way multihead automata, accepting -, 
194 
splicing systems, 3284 
SPMHFA’s, accepting -, 718 
subrecursive indexing, combinatorial -, 239 
synchronization, 1790 
synchronizing operations on strings, 294 
systolic computations, 1333 
temporal proofs, 1220, 1327 
power of the 
always operator, 3049 
CREW model, 1302 
power of 
tree computations, 1333 
Turing machines, 236, 688 
power 
operator, 2103 
pseudovarieties, 2 103 
program-verifying -, 977 
pseudovarieties, calculation of -, 2103 
recognition -, 861 
power series, 1088, 1468, 1718, 1811, 1838, 3233, 
3514,360l 
domain, 3601 
complex -, 856 
power series in 
countably many indeterminates, 546 
noncommuting variables, 1469 
power series 
over rings, 1810 
rings. 1814 
power 
set operations, 2223 
sums, 459 
sums of the zeros of a polynomial, 3233 
spaces, upper -, 2989 
powerdomain, 110, 1095, 2038, 2586 
approach, 699 
convex -, 2038 
Hoare -, 709,2038 
lower -, 2038 
of streams, 1095 
Plotkin -, 2038 
Smyth -, 2038 
powerdomains, 246, 605,699, 709, 1026, 1691. 
3434,3438,3578 
for generalized metric spaces, 3578 
connections between -, 709 




k-th -, 743 
morphisms. characterization of -, 743 
powers. accepting -, 2421 
powers of 
space-bounded ATMs, acceptance -, 537 
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specification, 1017 
words, 1841 
powers, symmetric -, 2260 
powerset, 1161,343l 
powerset algebra, 1633 
of trees, 3575 
powerset algebras, 3575 
of types, 3801 
powerset 
models of the typed lambda calculus, 3081 
of the natural numbers, 895 
powersets, 2805 
PP 
counting class, 2025, 2181 
probabilistic complexity class, 1106 




p-party cascade protocols, 777 
PP-complete set, 1106 
PPL (propositional program logic), 1627 
PP/linear, 3017 
P/poly, 3014 
in polynomial time, 3288 
p-processor, 278 1 
PQH(A) = PH(A), 795 
P/quadratic, advice class -, 3017 
PQUERY. 795 
p.r. function, partially recursive function, 125 
practical compression method, 500 
pragmatics of proof finding, 195 
PRAM (parallel random access machine), 927, 929, 
937, 1031, 1147, 1347, 1774, 1843,3235, 
3412,3725 
algorithms, 3446 
complexity theory, 3396 
dictionary, 2922 
model, 1382,2693,2755 
simulation, 2434, 3733 
emulations, rehashing in -, 2926 
PRAM’s, 2090,2365,2467,2693 
complexity measures for -, 937 
p-random, 2603 
p-rankability, 1850 
Pratt, 176, 182, 361, 371, 522, 527 
and Kozen, 1665 
Knuth, Morris and -, 683 
Pratt’s first order 
dynamic logic, 414 
Prawitz’s normalization procedure, 1602 
PR-completeness, 503 
pre-AFL, 4 1 
properties, 41 
pre-applicative structures, 2689 
PREC (class of primitive recursive tree functions) -, 
2112 
precedence 
among inference rules, 3273 
between jobs, 3239 
constraints, 3410 




infix operator -, 2678 
precision for implementability tradeoff, 1307 
precision, limits of -, 3057 
precomputation, 763 
precomputed numerical table, 2498 
pre-conditions, 1017, 1425 
precovering graph, 1827 
predecessor sets, 2996 
predicate calculi, 22, 33 18 
predicate calculus, 637, 1763, 2066, 3502, 3587 
LS, 2359 
predicate 
calculus, decidable fragment of -, 637 
expression, 1199 
folding, 3341 
letters, degree of -, 598 
predicate logic, 60, 317, 637, 1425, 2359, 3587 
classical linear -, 2018 
fragments of -, 637 
implication connective of -, 565 
linear first-order -, 2018 
of observation frames, 2989 
predicate 
symbols, 231, 1606.2098.2379 
transformers, 1017, 1348, 1625, 1858, 2805, 
2806,2845,2881,3023,3528 
transformer wp, 2747 
predicate transformers, 
categories of -, 2805 
conjunctive -, 2805 





predicates, 1216, 1343, 2013, 2084, 2163, 2267, 
2331,2439,2480,2681,2750,2763 
with variable extension, 272 
coinductive definitions of -, 233 1 
inciusive -, 274 
monadic defined -, 2227 
numerical -, 2005 
observable -, 2989 
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run-time -, 2048 
second-order -, 2 149 
slice functions of NP-complete -, 870 
“nary -, 2149 
predicate/transition nets, 272, 304, 818 
predicative 
monotonic recurrence, 2322 
type theories, 1663 
predicativity condition. 2322 
predicting circuit behaviour, 1682 
predictive theory of learning, 3084 
predomains, property of -, 2376 
P-reducible degrees, 164 
preemption, 2959 
cost, 2466 
preemptive assignment, 3398 
preemptive schedules, 245 
large class of -, 245 
preemptive scheduling, 1420 




preference-based logic, 3 133 
preference-free weakest precondition, 585 
preferences, 1455 
inside minimal requirements, 3335 
preferential semantics, 3133 
preferred unique maximal model, 2328 
prefetching, 2442 
strategies, 2442 
strategies, multiple-disk -, 2442 
prefix. 1052, 1517, 1570,2069,2287,2560,2678. 
3041,3255,3344 
and suffix code, 3508 
closure, 3509 
prefix code. 243.442.571 
finite -, 630 
Prefix codes. 52,694, 1355, 1568, 2258, 2550, 3080 
cohesive -, 2602 







order, 1391, 2287, 2299 
ordering, 2176 
parsers operating in linear time, correct -, 313 
reducible schedules, 3631 
property, negative -, 253 
prefix removals, 34 
of regular languages. 34 
prefix 
rewriting, 2069 
sums, 3 127 
transition graph, 2069 
prefix-based ultrametric, 3537 
pre-fixed point solutions, 3442 
prefixes, 657,782,819,962, 1710, 1711,3304 
prefixes of 
a trace, 1717 
behaviours, 736 
Thue’s infinite square-free sequence, 962 
prefix-free 





prefix-suffix composed, 3080 
code, 3080 
premixed burner flame, 3604 
premonoidal categories. 3434 
prenex normal form, 570, 1802 
closed universal Horn formulae in -, 231 
prenex types, 956 
preorder, 605. 729, 734, 1778 
preordered category, 2805 
preorders. 1181. 2440, 2689, 3216, 3385, 3426, 3578 
derived -, 2754 
fault -, 2440 





equivalence problem for regular -, 869 
regular -. 869 
preperfectness, 61 I 
of Thue systems, 611 
testing for -, 61 I 
preperiodic, 2525 
kneading sequence, 2525 
pte/post specifications, 2379 
preprocess, 2657 
preprocessed polyhedra, 547 




method, 124 1 
pattern -, 2068 
phase. 2756 
time, 2472 
Presburger arithmetic, 154, 378, 1077, 2414, 3327 
with bounded quantifier alternation depth, 
complexity of -, 378 
Presburger formulas. 281, 1077 
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equivalence of -, 281 
Presburger 
relations, 28 1 
sets, characterization of -, 28 1 
prescribed 
automorphism group, 425 
order, 2078 
viability set, 2625 
prescribing behaviours, 1675 
presentation, 1598,2156,2187,2328,2355,2633, 
2642 
bi-synchronizing -, 2996 
deterministic synchronizing -, 2996 
finite canonical -, 2486 
finitem--, 768 
group -, 2161 
mathematical -, 2156 
minimal deterministic -, 2996 
presentation of 
a Thue system, 697 
Cartesian closed categories, 1236 
equational theories, 1275 
groups, 1274 
monoids, 690, 1354 
presentation of the 
Greendlinger group, 634 
Jantzen monoid, 634 
presentation 
regular complete -, 2752 
semantics, 830 
unifying -, 2098 
presentations, complete -, 902 
presentations of 
algebraic theories, 973 
complexity classes, 3087 
continuous lattices, 536 
presentations of finitely generated Abelian groups, 
865 




semigroups. 35 12 
word semigroups, 3512 
presentations 
special Church-Rosser -, 957 
synchronizing -, 2996 
preservation of 
deterministic equivalences, 626 
dynamic properties under insetions, 1744 
equivalence, 1413 
non-trivial reductions, 3581 
P-bisimilarity, 3621 
recognizability, 1431, 3535 
semantics under transformations, 3620 
semi-completeness, 3245 
sups, 849 
preservation under extension of models, 3622 
preserving 
elimination of null productions from context-free 
grammar, 351 
equivalence, 3388 
preset working tape, 123 
presortedness, 3 197 
presorting vertices, 2473 
prespecification operator, weakest -, 2845 
prespecified 





preventive maintenance, 1846 
prex (predicate expression), 1199 
of a net, 1199 




test, Monte Carlo -, 475 
testing, 475, 809 
tests, 251 





DNF representations, 3404 
event structures, 1777, 3061 
factor, 71 
factorization, 809 
generation algorithms, 176 
ideal, 1815 
implicant, 1247, 3404 
prime implicants, 1029 
of a Boolean function, 1029 
prime 
numbers, 62 
open sets, 3440 
programs, 1426 
residue field, 3400 
solutions of PCP, 3033 
primes, 
distribution of -. 3282 
generating -, 176 
generation of large -, 176, 306 
primes in arithmetic sequences, 608 
distribution of -, 608 
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primes, set of -, 3053 
primitive 
2-structure, 1329, 1330, 2906 
2-structures, 1329, 2504 
angular 2-structures, 1716 
element modulop, 1003 
elements for special primes, 1003 
expressions, 732 
functions, 2224 
groups of permutations, 1585 
inductive, 2637 
linear logic, 1204 
primitive operations, 2275, 2789 
primitive operations on 
algebraic specifications, 830 





primitive recursion, 1554, 3000.3252, 3374, 3538 
of higher type, 3374 
on trees, 1461 
over lists, 3 184 
scheme of -, 2112 
primitive recursive, 628, 3522 
algorithm, 3 184, 3522 
algorithms, 1554 
bound, 2062 
continued fractions, 1562 
definitions, 1844, 2902 
derivation lengths, 2062 
function, 1554 
primitive recursive functions, 63, 1461, 1538, 2101. 
2400 
on trees, 1461 
primitive recursive 
hierarchy, 891 
real numbers, 1562 
relation, 3538 
tree functions, 2112 
primitive recursive word sequence functions, 583 
hierarchies of -, 583 
primitive root, 657 
primitive roots, 657 















word, I140,3 109 





putting specifications together, 1306 
specifications, 1306 
transforming mixed systems, 2929 
primitives 
of GCMn. 1285 
sets of -, 710 
primitivity, 1716 
hereditariness of -, 1330 
problems, 3 109 
principal cones, 1088 
of algebraic power series, 1088 
principal 
convergents of real numbers, 928 
ideal, 1323 





principal types, 1373 
principle of inclusion and exclusion, 660 
principles 
coinductive -, 2637 
induction -, 2042, 2064, 2300 
priorities inside compound queries, 3335 
prioritized 
choice operator, 1780 
models, 263 1 
operators, 263 1 
priority, 3506 
argument, 1398 
for rules, 1278 
in COSY, 1394 
list, 3260 
path, 1394 
PRIORITY PRAM, 3223 
priority queue, 2781 
operations, 278 1, 3093 
priority 
queues, 1360, 1731,3352 
relation, 1394, 1780 
rules, 168 1 
style arguments, 1804 
systems, 1780 




priority-queue construction, 134 
priority-requirements, 3064 




affine automata, 2235 
algebraic computation tree, 827 
algorithm for set disjointness, 969 
algorithms, 2711 
probabilistic algorithms, 
correctness of -, 2920 
specification of -, 2920 
probabilistic analyses, 2086 
probabilistic analysis, 3 142 




assumptions, 2075, 2086 
probabilistic automata, 1084 
with isolated cut point, 1084 
probabilistic 
behavior maps, 3258 
behaviour of algorithms for trace languages, 1717 
choice operator, 263 1 
probabilistic class, 1638 
BPP, 1106 
probabilistic classes, 785, 1106 













distributed algorithm for set intersection, 969 
estimates of the number of prefixes of traces, 
1717 
probabilistic extensions, 246 
of continuous functions, 246 
probabilistic finite 
automaton, see also PFA 
generators, 2235 
probabilistic 
first-order language, 3332 
graph grammar, 3143 
hierarchies, 3553 
Ianov’s schemes, 1019 
implementation, Yao’s -, 965 
identification, 1618, 3553 
information, 3332 
I/O automata, 3258 
knowledge bases, 3331 
probabilistic language, 2631 
learning, 3553 
probabilistic learning classes, 3553 
probabilistic linear decision trees, 740 
power of -, 740 
probabilistic LSA’s, 827 
probabilistic machine 
tape-bounded -, 265 






probabilistic models, 2086 
sequence of -, 2086 
probabilistic 
oracle machines, 1734 




probabilistic polynomials, 2181 
probabilistic polynomial-time algorithms, 3698 
probabilistic power 
domain, 3445 
domain, normalised -, 2991 
probabilistic 
primality testing algorithms, 250 
programming, 3438 
random generation algorithm, 3 141 
recognition, 1084 
recurrence relations, 3463 
relational databases, 3332 
results, interpretation of -, 2086 
SAT, 1508 
solutions, 668 
space complexity, 3098 
probabilistic strategies, 557 
in inductive inference, power of -, 557 
over deterministic ones, advantages of -, 557 
power of -, 557 
probabilistic 
systems, 2740,3258 
tape complexities, 330 
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probabilistic techniques, 27 16 
combination of -, 2716 
probabilistic termination, 1260 




transition systems, 2740 
probabilistic Turing machine 
acceptor, 330 
acceptors, 492 
tape-bounded -, 265 
transducers, deterministic simulation of 
tape-bounded -, 265 
probabilistic Turing machines, 255, 492, 503. 1734 
on-line -* 492 
probabilistic variant of CSP, 2920 
probabilities. 330, 345, 1470, 2091, 2175.2181, 
2246,2434,2538,2631,3806 
of accessing keys, 3521 
access -, 1393 
blocking -. 2384 
distribution of access -, 1393 
equilibrium state -. 2387 
transition -, 2389 
unequal - of symbols, 2716 
zero-key access -, 1251 
probability 
binary search tree model of -, 2246 
bounded error -, 492 
probability distribution, 2715, 2720, 3094 
equilibrium state -, 2387 
unknown -, 2293 
probability 
distributions, 1618, 1751, 3839 




on words, 1227 
rational -, 1227 
probability measuring, 318 1 
probability model, 2768 
space, 2777 
balanced -, 2246 
space. enlarged -, 2566 
prohability of 
an inductive graph predicate, 3143 
converging to the right arrangement, 1393 
occurence of labelled subtrees, 1225 
routing, 2982 
the k-th largest prime factor, 7 I 
probability one, 1280 
characterization of BPP, 1720 
probability subdistribution, 1348 
probability theory, 1227,217O 
probably almost correct model of learning, 3443. see 
also PAC 
problem instance, 3350 
PROBLEM predicates, 1192 
problem 
solving, 1357 
size, function of -, 57 
solving, heuristic -, 499 
problem-language relationship, 413 
problem-oriented verification system, 228 1 
SPECTRUM, 2281 
problems 
algebraic -, 2362 
ambiguity -, 2501 
approximable -. 2094 
classical tiling -. 2485 
common logspace-complete -, 2475 
context-freeness -, 2760 
decision -, 2169. 2180,2269,2410, 2415, 2558, 
2559, 2574,2575, 2611, 2686,2770, 2784, 
2788 
disunification -, 2686 
dynamic programming -, 2082 
equivalence -, 2108,276O 
E-unification -, 2642 
feasibility -, 2262 
finiteness -, 2558 
fixed-parameter -, 2664 
geometric -, 2076 
Hamiltonian circuit construction -, 2513 
identifying -. 2640 
intersection-emptiness -. 2501 
language processing -, 2729 
language-theoretic -, 2233 
mixed subsequence -, 2710 
network-stability -, 2475 
NP-complete -, 2311, 2496, 2528, 255 1, 2555, 
2765,277O 
NP-hard -, 2338, 2489 
of ordering, 1539 
online -, 2426 
open -, 2037,2045,2051,2105,2198,2326, 
2511,2519,2564,2670,2716,2736 
optimization -, 2094,2441,2765,2768,2802 
parameterized -, 2664 
partition -, 2774 
path -, 2722 
P-complete -. 2422 
Post correspondence -, 25 16 
Yo -drmension -, 2611 
PSPACE-complete -, 2142 
representability -, 2607 
restrictions -, 2475 
robotic navigation -, 2655 
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solving communication -, 2435 
supersequence -, 2391 
tile connectability -, 2485 
unresolved -, 2785 
unsolvable -, 23 15 
validity -, 2284 
VC-dimension -, 2610.2611 
VLSI -, 2024 
word -, 2088,2104,2161,2180,2355 




procedural semantics, 1607, 2335.2797 
for bilattice based logic programs, 3329 
procedure calls, 474, 1124, 3027 
procedures, 
decision -, 2160, 2179, 2621, 2639, 2748 
designing efficient -, 2748 
iterative -, 2620 
mechanical -, 2014 
minimization -, 2620 
semidecision -, 2371, 2639, 2748 




process algebra of 
CML, 2957 
communicating shared resources, 3432 
process algebra 
semantics, 2961 
with iteration, 3456 
semantics of a -, 2957 
process algebraic, 2633 
approach, 2440 
process algebras, 1193, 1345, 2187,2195, 2649, 
2743,3107,3506 
for mobile systems, 2961 
process algebras, 
modular specification of -, 2187 
theoretical -, 2957 
value-passing -, 2195 
process algebras with 
inequalities, 3506 
silent actions, 1193 
process 






description language, 2192 









languages, nondeterministic -, 760 
logic, 755 
process logic PL, 755 
of Hare], Kozen and Parikh, 755 
process 




semantics, 1059, 1782, 3062, 3389 
specifications, 1345 
systems, 1665 
process terms, 1499, 2263 






semantics, reduction-based -, 3012 
specifications, recursive -, 1345 
process-based software, 3689 
process-calculus translations, 2571 
process-calculus-based abstraction, 3689 
process-constructing operations, 966 
processed information, partially -, 374 
processed jobs, 2465 
processes, 
asynchronous -, 2133 
basic parallel -, 2786 
complicated -, 2263 
concurrent -, 2009.2332.2643 
deterministic timed -, 2630 
discrete -, 2640 
processes, distributed -, 2640 
nature of -, 2191 
processes, 
fault-tolerant -, 2440 
faulty -, 2440 
for unbounded choice, 1828 
Gaussian -, 2715 
image-finite -, 2271 
in distributed system parts, 270 
mobile -, 2195 
normed context-free -, 2351, 2494 
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normed unary -, 2494 
of safe nets, 1699 
online parser -, 23 10 
operating asynchronously in parallel, 1114 
over F-domains, 1678 
recursion-free -, 2633 
relation ships between -, 439 
rewriting -, 2112, 2130 
rings of -, 2583 
sharing variables, 2333 
stochastic -, 2455 
systems of -, 2 133 
theory of -, 2649 
timed predeterministic -, 2630 
unique decomposition of -, 2102 
value-passing -, 2632 
processing 
cost of -, 2 122 
document -, 2303 
bulk data, 2224 
data collections, 2224 
elements, 2659, see also PE, PEs 
nodes, 1679 




efficient algorithms, 3446 
elements, 2441 










adjacent -, 2759 
assignment of tasks to -, 362 
bidirectional rings of -, 1368 
complete network of -, 1207 
expected number of -, 2382 
mesh of -, 2660 
minimum number of -, 2055 
networks of -. 453 
nonuniversal -, 2055 
of different speeds, 245 
polynomial number of -, 1291, 1347,2365 
rings of -. 1368 
processor-time product, 2082 
Prodinger, Kirschenhofer and -, 1852 
producer-consumer system, 2583 
product 
diamond on monoids, nary -, 273 
forest, 143 1 
form, nonstandard -, 2959 
machine, 3070 
product of 
complete graphs, 228 
free monoids, 114 
languages, 102 
monoids, 114 
real matrices and vectors, 2945 
two pofynomiats modulo a polynomial, 1609 
product operation, 1472,2223, 2278 




product-form distributions, 2385 
production, 1522. 1557 
frequencies, 1560 
probabilities, 3 143 
complexity of -, 1224 
production rules, 1647 
of a grammar, 3034 
production schemas, 27 13 
productions, 1681 
applicability of -, 202 
complexity of -, 1224 
context-free -, 341, 567 
productions in 
a categorical grammar, 202 
graph grammars. 423 
producttons of 
a unitary grammar, 55 1 
rewritng systems, 551 
productions, sequences of -, 238 
productive loops, 2 17 
products, 1815 
inner -, 2497 
products of 
automata, 1490, 3610 




partial -, 2586 
semidirect -, 2110, 2389 
smash -, 2278 






analysis, 3272, 3367 
bottom-up, 2682 
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classes, 2098 
clauses, 2449 
program combinators of 
ccs, 97 1 
sees, 971 
program compilation, 1669 
program composition forms, 1673 
program composition operations, 2796 
semantics of -, 2796 
program 
compositions, 2481, 2796 
concretization, 1670, 1671 
connective, 431 
construction, 1484, 1669, 2199 
constructors, 3131, 3434 
constructs, 1348, 2805 
contexts, 75 
control, 307 
program correctness, 59 1, 2992 
extensional theory of -, 2992 
program 
denotations, 1348 
derivation structure, 260 
derivations, 2185 
design, 265 1 




program equivalence, 358,591,766 
determinateness of -, 434 
over the Peano axioms, 434 
theory of -, 2049 
program 
exception handling, 1484 
execution trees, 474 
executions, 2300 
program extraction theorem, 2331 
stream -, 233 1 
program 
fault tolerance, 1484 




improvement, measure of -, 1372 
program inclusion, 591 
proving -, 591 
program inefficiency, 2681 
program invariants, 1343, 1669 
program level laws, 2805 
of refinement, 288 1 
program logics, 54 1, 338 1 
expressiveness in -, 541 
program 
machines, 688 
manipulation, 374, 1671 
manipulations, 1340 
operation, 3274 






proofs, automation of -, 898 
program properties, 2300, 2636 
proofs of -, 2636 
program proving, 729 
program refinement, 1828 





program schemes, 416,440, 1136, 1343,3023 
equivalence of -, 1343 




semantics, 509, 3382 
program size complexity, 321 
abstract -, 500 
program 
size restrictions, 2431 
specification, 1342, 3077 
program specifications, 612,615, 1484, 1858, 2281, 
2534,2805,2881 




program synthesis, 1669, 1685, 2160, 2331 
algorithm, 1158 
program terms, 1501 
program testing, 
abstract formalism for -, 729 
theory of -, 129 
program texts 
partial correctness of -, 368 
transformations of -, 374 
program transformation, 1450, 1669 
rule, 842 
systems, 256 
program transformations, 179, 256.2438.2448, 
2746,3343,3620 
for concurrent languages, 3620 
Subject Index Volumes I-2OO/Theoretical Computer Science 21.3/214 (1999) S-436 313 
program systems, 2068 
union, 2028, 3377 
variables, 11, 352 
variables, fixed number of -, 352 
program verification, 1158. 1483, 2479.2990 
methods, 698, 1317 
proof method for -, 361 
systems, 1258 
program 
verificattons. 337. 361 
with negation, 1458 
program-chaining, 1348 
program-level access to array values, 3741 
programmable 
machines, 2135 
partial functions, 1314 
programmer. 1407 
programmers, coordination among teams of -, 1312 
programming, 1407,2302,2315.2637,2659,2789 
a process, 1675 
analogical -, 2185 
concepts, 328 
concurrent constraint -, 2132, 2333 
construct, 3 17, 1796 
constructs, 269, 1348, 2652 
programming constructs, 
complex -, 385 
properties of complex -, 385 
programming 
context, 440 
programming languages, 60, 75, 109, 187, 191, 239, 
258,260, 274, 275, 368, 372,417, 500, 601, 
650,652,766x 831,842, 1307. 1308, 1311. 
1312, 1321. 1342, 1348, 1417, 1423, 1554, 
1586, 1602, 1663, 1674, 1691, 1780, 1830, 
2012,2014,2049,2150,2300,2334,2481, 
2578, 2637, 2639, 265 1, 2678, 3023, 3805 
based on two-level grammars, 554 
control structures of -, 652 
denotational semantics for -, 474, 482 
denotational semantics of -, 601, 842, 2150, 307-t 
higher-order functional -, 2376 
Hoare’s logic for -, 562 
imperative higher-order -, 2035 
implementations of -, 2678 
local constraints in -, 260 
mathematical semantics of -, 191 
modern -, 599 
experience, 2185 
formalisms, 509 
high complexity of -, 2637 
programming in 
Newton, 3361 
object-oriented -, 2652 
polymorphic -, 2588 
recursion in -, 13 11 
semantics of -. 372. S 11, 83 1, 1342, 2578, 3 132 
simple -, 525 
structure of -, 13 12 
theory of -, 5 10 
type-free -, 23 16 
programming languages with 
nondeterminism, 275 
typing mechanisms, 13 12 
programming 
large scale -, 256 
laws, 3687 
three-valued logic, 1458 
programming intuition, 1221 
programming language, 1010, 1036, 1407, 1410, 
1440, 1444, 1486, 1664, 1672, 1723, 1754, 
1755. 1778, 3376 
applicative -, 418 
based on F, , 1664 






levels, 265 1 
representation, 1441 
semantic models for a -, 2993 
programming language semantics, 33, 399, 1830 
semantics, mathematical problems in -, 33 
programming language 
specification, 3808 
programming logic, 248, 1314, 2636 




programming methodology, 328 
logical basis for -, 328 
programming 
notation, 2636 
object-oriented -, 2065 
parallel -. 1363 
perspective, 2796 
principles of -, 2789 
problem, hnear or convex -, 155 
procedures, 2532 
proofs. I34 1 
quadratic -, 2527 
programming semantics, 2156 
development of -, 2156 
formal -, 2628 
programming, semantics of -, 366 
programming system, 358 
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choice of -, 2431 identification of -, 3076 
programming imperative -, 2035, 2479 
systems, 2047, 2302, 2352, 243 1 inductive synthesis of -, 894 
techniques, 2796 inference of -, 491, 1255 
theory, 245 1 iterative -, 509, 2152 
tools, 1340 X-h--, 766 
programming with 
proofs, 1750, 1755 
skeletons, 3732 
programs, 525, 554,556, 557, 562.582.583, 592, 
1311 
absolute logics of -, 13 17 
abstract -, 2578 
algebra of -, 2224 
anomalies in -, 5 13 
as partial graphs, 307, 314 
automatic analysis of -, 1307 
basic -, 2438 
behavior of -, 755 
branching -, 2723 
circular bindings in -., 1337 
comparison of -, 734 
compositions of -, 2796 
computing total recursive, 2374 
concurrent -, 2284,2368 
constrained equivalence of -, 2064 
construction of -, 1341 
control structures of -, 488 
correctness of -, 248 
definability by -, 509 
programs, definite -, 2267 
clause -, 2329 
programs 
definition of -, 337 
denotation of -, 109, 1348 
dependency graphs of -, 267 
derivation of -, 2049 
deriving -, 2185 
determinacy of -, 669 
deterministic while -, 248 
efficient -, 256 
ELECTRE -, 2745 
equivalence of -, 256,703 
extracting parallelism from -, 1372 
extraction of -, 2331 
first-order -, 2060 
flow-chart -, 509 
flowcharts of -, 276 
formalized arguments about -, 60 
formal reasoning on -, 1387 
functional -, 2035, 2064 
hierarchies of -, 583 
higher-order -, 2805 
Horn -, 2296 
h-- on term algebras, 766 
learned by an algorithmic procedure, 3095 
learning -, 1255 
linear algebra -, 2281 
list-processing -, 2064 
logical content of -, 2148 
logic of -, 248 
logics of -, 248 
loops in -, 179 
lucidly obtained -, 256 
many-sorted -, 562 
meaning of -, 372 
memory, 1407 
MLOG -, 2334 
nondeterministic -, 2099 
nonrecursive -, 2225 
nonstandard logic of -, 1258 
operational semantics of -, 276 
optimization of -, 2224 
programs over 
aperiodic monoids, 1214 
numerical inputs, control structure of -, 488 
programs 
parallel -, 2300,2636,2650 
polynomial-length -, 2088 
primitive -, 2284 
Prolog -, 2048.2275, 2277,2379 
properties of -, 1307 
programs, propositional 
logic of -, 431 
semantics of -, 2578 
programs 
proving inevitability properties of -, 2300 
reasoning about -, 361, 366 
regular deterministic -, 248 
semantic transformations of -, 2302 
programs, semantics 
for --, 698, 1317 
of -, 269,2796 
programs 
sequential -, 2300 
shapes of -, 440 
stored -, 2805 
straight line -, 282 
stratified -, 2034, 2298, 2746 
strict -, 2058 
subclasses of -, 2044 
syntactic equivalence of -, 256 
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tail-recursive -, 2209 
total correctness of -, 2300 
transformation of -, 2374 
transforming -, 1372 
translatibility results amoung -, 256 
union of -, 2327 




noncomputable execution time, 1381 
PASCAL-like procedures, correctness of -, 592 
programs without loops, 1501 
program-size complexity, 27 





progressive black/white pebble demand problem, 
1112 
Proietti-Pettorossi, 2681 
projection, 1423, 1691, 1802, 3506 
algebras, 1345 
in relational algebra, 674 
lemmas, 640 
projection of a 
BCNF family, 529 
picture language, 3485 





translations, 2269, 2727 
projection-elimination process, 3592 
projection-join normal form. 3586 
projections, 1646 
families of -, 1345 
projections of 
functional dependency families, 772 
object histories, 953 
reachability sets, 1218 




plane, 63 1, 2256 
space, 1203 





computation rule, 1124 
Prolog control structures, 1339 
properties of -, 1339 
Prolog 




extension of -, 2048 
fixpoint semantics, standard -, 949 
flat dynamic -, 2277 
implementations of -, 1337 
kernel dynamic -, 2277 
operational semantics of -, 2277 
Prolog program, 1414 
transformation system, 669 
Prolog programs, 669, 1036, 1339, 1413, 1605, 2048, 
22753227732379 
computational complexity of -, 2277 
equivalence rules for -, 1339 




technology theorem prover, 2048. see also PTTP 
theory, 1458 
semantics of -, 1337 
Prolog with 
cut, 1339 
ground negation, 3341 
Prolog-based, 2048 
deductive theorem proving method, 1036 
implementation, 2048 
PlTP interpreters, 2048 
Prolog-like 
languages, 1414 
logic programming, 1412 
prolongability, 2212 
promise 
hierarchies, 354 I 
problem, 2214 
prompt interfaces, 3065 
promptly 
hypersimple set, 1074 
simple sets, 1074 
proof 
by induction, 862 
complexity, 1559 
finding, pragmatics of -, 195 
forest, 2534 
generating programs, 33 14 
in modal logic, 3382 
proof method for 
fair termination and total correctness, 645 
program verifications, 361 
semantics vs syntax, 5 19 
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proof 760 
methodology, 3577 first-order of 3375 properties specifications, 
methods, 2013,2267,2379 satistiability in Hennessy-Milner logic, 1365 




proof nets, 2143, 2189, 2203 
properties of -, 2203 
proof, nonconstructive principle of -, 2042 
proof normalization, 1602, 2321, 2571, 2572 






behavioural properties, 3242 
correctness for MATCH, 1373 
the four-colour theorem, 3067 
proof orderings, 1361 
proof presentation, 661 
in axiomatized mathematical systems, 661 
proof principles, 2300, 2376 
proof procedure, 3425 
for abductive logic programs, 3247 
sound and complete -, 949 
proof procedures, 716,2096,2450,2533 
for general logic programs, 3247 
resolution-based -, 2037 
proof rules, 971, 1416, 1556, 2325, 2409, 2624 
proof rules for 
communicating processes, 521 
reasoning about processes, 521 
proof 
search strategy, 2572 
speed-ups, 1559 
structures, 2571 
proof system, 830,931, 1046, 1792,3577 
proof system for 
first-order logic, 3242 
partial correctness, 368 
proof system for the 
compositional verification of UNITY programs, 
3528 
propositional calculus, 244 
proof system 
sound and complete -, 976 
transformational -, 963 
Proof systems, 166,556,592, 1090, 1114, 1220, 
1365, 1495, 1601, 1602,2143,3797 
proof systems for 
extension, 760 
temporal logic, 1220 
proof systems 
interactive -, 2177, 2568 
perfect ZK -, 2510 
properties of -, 166 
proof techniques for parallel programs, 600 
proof theoretic powers, 1495 
proof theory, 2155, 2323,3373 
compositional network -, 2439 
proof theory for program 
correctness, 591 
inclusion, 591 
proof theory of 
Hoare’s logic, 456 
linear logic, 1090 
uCRL. 3459 
rewriting, 3300 





proof-of-correctness, 344 1 
proofs, 414, 428,449, 464 
algebraic -, 2806 





by induction, 1755 
constructing -, 2534 
constructive -, 2313, 2488 
converting noninteractive zero-knowledge -, 
2510 
depth of -, 2452 
implementation -, 2046 
in LL, 1301 
inevitability -+, 2300 
infinitely long -, 361 
interactive -, 2177 
linear time -, 2477 
nonrecursive shortening of -, 533 
proofs of 
correctness, 1068 
formal specifications, 1750 
NP-completeness, 503 
probabilistic termination, 1260 
formal systems, nonrecursive shortening of -, 533 
extensions of nondeterministic process languages, proots 
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perfect zero-knowledge -, 2510 
round-optimal zero-knowledge -, 25 10 
within weak logic, 1483 
proofs-as-processes, 257 1 
proof-theoretic, 2189 








strong normalization, 1158 
proof-theory, 1607,257l 
for Horn logic programs, 1607 
proof-tree roots, 2267 
propagating 
OL systems, 129, 3448 
EOL form, 576 
propagating ETOL 
form, 146 
grammars, 3 128 
propagating 
grammars, 877 
limited ETOL systems, 353 1 
method of z during evaluation, 2270 
propagation, 3362 
law, 1782 
of bindings, 1171 
of incomplete information, 843 
proper 
complexity core, 1191 
execution sequences, 269 
hard cores, I152 




algebraic -, 2506 
approximation -, 2094 
atomicity -, 2434 
behavioural -, 2157 
case intrinsic -, 2004 
categorical -, 2028 
closure -, 2025,2150,2309, 2390, 2393, 2410. 
24 1532420.2733 
code -, 2546 
combinatoric -, 2460 
common -, 2537 
data-dependency -, 2145 
deadline meeting -, 2720 
decision -, 2557 
declarative -, 2267 
duration -, 2626 
dynamical -, 2704.2721 
equational -, 2154, 2616 
ergodic -, 2460 
formal -, 2077 
fundamental -3 2075,224O. 2788 
garbage-theoretic -, 2478 
graph -, 2098.2 139 
graph-theoretical -, 2784 
inevitability -, 2300 
inferred -, 2275 
liveness -, 2012 
local rank -, 2460 
logical -, 2006,2047,2222 
mathematical -, 2199 
metatheoretic -, 2064 
modular -. 2598, 2801 
monadic second-order -, 2001 
non-closure -, 2508 
properties of machines. 
dynamic -, 2990 
static -, 2990 
properties of the behaviours of machines, 2990 
properties 
order-theoretic -, 2278 
partial order -, 2409 
permutability -, 2572 
progress -, 2636 
safety -, 2439 
strictness -, 23 16 
structural -, 2 157, 2455 
term -, 2379 
timing -, 2484 
topological -, 2753 
undecidability -, 2363 
undecidable -. 2556 
uniqueness -, 2637 
universal -, 2478, 2637 
vertical composition -, 2651 
property P,’ of semigroups, 3018 
propositional algorithmic logic, 43 1, 2265, see &O 
PAL 
propositional calculus, 524, 757, 2483, 3 182, 3502 
Gentzen type -, 3182 
satisfiability problem in -. 757 
tautologies, 775 
tautologies, disjunctive normal form -( 775 
propositional 
case. 2198. 2575 
circumscription, 2198, 2273,3395 
propositional CNF formulas, 1289 
satisfiability problem for -, 1289 
propositional 
connectives, 1755 
constants, 1665, 2018 
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propositional dynamic logic, 346,361,431, 541, 552, 
703,825, 1698,2284,3036, 3322, see also 
PDL 
extension of -, 703 
of deterministic programs, 541 
Segerberg axioms for -, 292 
with local assignments, 703 
without tests, 346 
propositional formula, 3395 
propositionat formulas, 57, 180, 1177, 2237, 3332 
inconsistency of -, 57 
number of models of -, 3085 
propositional Horn formulas, 1288 
hierarchy of -, 1288 
propositional 
information logics, 3693 
knowledge base, 2483 
level, 2265 
linear temporal logic, 3428 
propositional logic, 154, 564, 1057, 1244, 1679, 
1682,3455 
classical -, 1244 
fragments of -, 2198 
intuitionistic -, 180 
of programs, 43 1 
programs, 2850,3392 





p-calculus, 552, 3077 
multiplicative linear logic, 2575 
program logic, 3381 
semantics, 2578 
sequent calculi, 3134 
signals, 3455 
propositional temporal 




variables, 703, 2763 
propositions, 2042,2300, 2575 
propositions-as-types paradigm, Curry-Howard -, 
1312 
ProPre 
program synthesis system, 2580 







protocol, 788, 1766 
schema, 1038 
to avoid read conflicts, 2922 
protocols, 2436,2510,2732,2795, 2798 
event-based -, 2634 
for leader election, 1038 
incomparable synchronization -, 2795 
multi-prover interactive -, 2568 
parallelize multiple prover -., 2568 
phase locking -, 2795 
prototype proof, 591 
prototypical complete problem, 3622 
prototyping tool, 3337 
Prouhet-Thue-Morse sequence, 1745 
provability, 2359 
provability in 
first order logic, 1483 
weak logic, 1483 
provability of 
program properties, 1495 
temporal formulas, 1495 
provability relationship, 2060 
provable 
by diagonalization, 239 
complexity classes, 165, 166 
transitions, 3506 
provably correct compilers, 3805 
provably valid %ule, 1559 
prover, 1573,2568 
prover’s claim, 1573 
proving correctness, 3276 
proving correctness of 
nondeterministic programs, 556 
sequential programs, 556 
proving decidability, 925 
of equivalences, 925 
results, 412 
proving entailment, 1068 
between specifications, 1068 
proving 
implementation relations between specifications, 
3375 
possession of knowledge, 3479 
program inclusion, 591 
total correctness assertions, Manna-Cooper 
method for -, 977 
universally quantified formulas, 862 
proving-by-example, 2606 
PRS (pattern rewrite system), 3679 
PRS (term rewriting systems with rule priorities), 
3818 
PrT-nets (predicate-transition nets), 272 
S invariants for -, 272 
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prudent learners, 2666 
pruned trees, free monoid of -, 544 
pruning 
infinite SLD-derivations, 2044 
technique, 355.5 
Przymusinski, 1608 
PS (processor sharing) service centre, 2959 
PSC (perfect shuffle computer), 1132 
p-s-composed codes, 3080 
P-selective, 409 
sets, 409, 1517.2308, 2738. 3017,3035, 3108 
P-selectivity, 2738 
p-semilattice reducts, 1847 
p-semilattices, 1847 
pseudo real-time, 905 
ITA, 905 
pseudo-axiomatizable in a recursively enumerable 
way, 830 
pseudo-c@normal form, 1259 
pseudo-complement, 846, 1847 
pseudo-derivations, 3 114 
pseudo-differential operators, 1471 
pseudo-identities for tree algebras, 3072 
pseudo-linear algebra, 3 114 
pseudo-linear operators, 3 114 
pseudo-normal proof, 1602 
pseudo-orbits, 2542 
pseudo-polynomial algorithms, 249 
pseudo-polynomial-time algorithm, 3129 
pseudo-random, 2603 
oracles, 209 1 
oracles, presence of -, 2091 
sequences, infinite -, 935 
pseudo-stochastic transition matrices, 796 
pseudo-varieties, 2103.2550 
pseudo-variety of 
finite semigroups, 1836 
I-monoids, 52 
P-simple problems, 249 
P-simplicity, 249 





Y’, -dimension, 2611 




complexity class, 308, 309, 377 
polynomial space computable functions, 916 
complete for -, 215 
subclass of -, 235 1 
PSPACE = NP. I80 
PSPACE # P questions, 419 
PSPACE = PTIME, 1136 
PSPACE-complete, 232,717, 1012, 1115, 1492, 
1577, 1643,2141,2142,2169,2358,2410. 
2447,2485,2552,2761,3389 
problems, 717, 1012, 2142 
satisfiability problem, 2635 
sets, 1800 
PSPACE-completeness. 717 
PSPACE-hard, 677,15 13,2447,2694 
PSPACE-hard functions, 3211 
PSPACE-hardness, 2574. 3211 
PSPACE/poly, 1012 
PSPACE-random, 2091 
oracle, 209 1 
P-space complete, 1064 
P-subset, 1191 
p-superterse, 1581 
psychological theories of Hebb, 3084 
P/T nets, 1678, 1699.2016 
PTAPE complete sets. 147 
complexity class, 147 
PTAS aproximation class, 2802 
complexity class, 2925 
p-T-degrees, 1804 
PTIME, 1216, 1422. 1844.2226 
p-time degrees, 1804 
PTIME equivalent, 1547 
PTIME extension, 2791 
PTIME queries. 3644 
PTIME relation, 15 17 
PTIME-complete, 3389 
PTIME-computability, 3387 
p-time many-one degrees, 1804 
PTL, Gabby’s separation theorem for -, 2648 
PTM (probabilistic Turing machine), 492 




HTTP (Prolog technology theorem prover), 2048 
theorem-proving, 2048 
Prolog-based implementation of -, 2048 
public key cryptosystem, 2083 
public-coin 
interactive proof system, 2177 
polynomial-space exponential-time verifiers, 
2177 
public-key 
cryptosystem, 952, 1241 
cryptosystems, 788, 1642 
Pudllk, Krause and -, 3222 
Pugh, 27 17 
pullback lemmas, 238 
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pullbacks, 2095, 2451 
pumping, 783,877, 1175,3449 
pumping conditions, 886, 1079, 1097 
equivalent to rationality, 1097 
for regular languages, 886 
positive -, 886 
pumping lemma, 704, 1079, 1595,3185 
for real-time deterministic context-free languages, 
704 
classic -, 73 
strong -, 73 
pumping lemmas, 2419 




P-uniform Boolean circuits, 1469 
Purdom, 1516 
pure 














h-calculus, 3043, 3574 
pure logic, 1460 
languages, 1409 
programs, 3089, 3682 
pure 
place/transition nets, 3422 
programs, 3682 
Prolog, 1548 
strong categorical logic, 1236 
type systems, 3374 
pure-future fragment, 2787 
pursuit, complexity of -, 2694 
pushdown, 1103 
pushdown acceptor, 112 
forms, 112 
master -, 112 
pushdown acceptors, 505 
subclasses of -, 505 
pushdown automata, 373, 726, 791, 825, 831, 946, 
948, 1155, 1472, 1644, 1824,2069,2077, 
2213,3163,3469,3807 
bottom-up tree -, 2417 
deterministic -. 618, 625 
LIFO, 236 
power of -, 2213 
synchronized -, 2213 
two-way deterministic -, 861, 3039 
pushdown 
automaton, 1803, 3486 
machines, 505,763,831,955 
memory, 3486 
generalized -, 831 
machines, equivalence problem for deterministic 
finite turn -, 70 
pushdown of pushdowns, 831 
pushdown permuters, 370,469 
characterization of -, 370 
pushdown 
stack, 422.469.505, 1103 
store, 422, 665, 763, 773,948 
store, tree -, 728 
pushdown transducers, 505, 1200, 1803 




transition graph, 2069 





and pullback lemmas, 238 
constructions, 2129 
cube, 2935 
graph rewriting, double -, 2935 
pushout-complements, 1448 
pushouts of total functions, 620 
PV, 173 
Paun, conjecture of -, 2519 
PVG, 2141 
P.V.-numbers (Pisot-Vijayaraghavan numbers), 2983 
PWDOL (piece-wise deterministic zero 
Lindenmayer), 2704 
primitivity problem, 3 109 
systems, 2704 
systems, dynamical properties of -, 2704 
pyramid computer, 2600 
Q 
Q family of quasirealtime languages, 670 
Q logic system, 1219 
q-analogues, 2251 
QAT (quasi-affine transformation), 2981 
q-automatic, 2123 
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sequences, 2123 
q-Bessel functions, 1812, 2254 
QC methods, 3582 
QC (quorum concensus), 3582 
q-grams, 1714 
QoSaQ, 1304 
Q, -rational sequence, 108 
Q-rational series, 1481 
q-realizability interpretation, 1685, 2331, 2480 
QRQW asynchronous PRAM, 3729 
QRQW PRAM (queue-read queue-write PRAM), 
3729 
QRT (quasi-real-time), 1595 
deterministic machines, 1595 
FIFO automata, 1595 
q-series, 225 I 
canonical -, 2251 
quadrangle inequality, 1205 
quadrangles, 2997 
quadratic algorithm, 3238 
quadratic Boolean forms, 2022 
convergence theorems, 2526 
multiplicative complexity of -, 2022 
quadratic 




nonresiduosity, 25 10 
programming, 2527 
programming, complexity of -, 2527 
P.V.-numbers, 2983 
residues, 25 10 
quadratic residuosity, 2510, 3479 
languages, 25 10 
quadratic 
time, 1642, 1703,2788,3293 
rime-space tradeoff, 2092 
worst case, 1710 
residuosity, thresholds of -, 2510 
quadratic-time 
composition function, 2302 
decision algorithm, 2303 
quadrisections, 1369 
quedtree algorithm. 2600 
quadtrees, 2224, 2714 
qualitative 
behavior, 2542 
behaviour of dynamical systems, 3594 
design principles, 1666 
domains, 1078 
timing, 3525 
quality assessment of 
testing, 729 
the testing process, 729 
quantale, value -, 3438 
quantales, 3426 
quantifier symbols creating local scopes, 3318 
quantifiable resource, 2395 
quantification, 949 
in modal logic, 1597 
quantification over 
procedure names. 1792 
the integers. 3 186 
quantified 
Boolean formula validity, 2574 
feature descriptions, 2749 
first-order formulae, 2749 
formulas, 862 
implicational formulas, 2329 
propositional temporal logic, 967 
specification. 328 
quantifier alternations, bounded number of -, 37X 
quantifier bounds, 
Diophantine predicates with -, 436 
predicates with -, 436 
quantifier elimination, 501 
complexity of -, 501 
fast -, 501 
quantifier prefix, 598, 1077 
quantifier-free 
formulas, 2 IO7 
dynamic logic, expressive power of -, 388 
theory, 261 
quantifier-free theory of 
arrays, 26 1 
integers, 26 I 
quantifiers, 1755, 1802, 2094.2156, 2575, 3652 
iteration -, 437 
modulo-counting -, 2407 
monadic partition -, 3054 
nonclassical -, 164 
range of -. 154 
ranging over subtypes, 1553 
string of -, 436 
universal second-order -, 2006 
quantitative domains, 1740 
of Girard, I740 
quantitative 
evaluation of rewriting systems, 1277 
interpretation of Girard’s system F, 1078 
semantics. 1078 
temporal constraints, 3363 
timing, 3525 
quantum machines, 3400 
quasi order, 3795 
quasi orders of words, 3795 
quasi-affine transformation, 298 1 
quasideterministic OL system, 2760, SEL’ also D’OL 
quasi-Euclidean division algorithm, 235 
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quasigroup isomorphism problem, 2395 
quasigroups, 2395 
quasi-injective reductions, 2364 
quasilinear 
differential-aIgebraic systems. 3592 
functions, 3074 
quasilinear time, 2352, 2788 
universal cellular automaton, 2352 
quasilinear truth-table reductions, 3 108 
quasilinear-time complexity, 2788 
theory, 2788 
quasilinear-time hierarchy, 2788 
quasilocal optimization, 1669 
quasimonomial transforms, 3605 




quasipolynomial time, 2788 
quasiprime algebraic domains, 3074 
quasiprimes, 3074 
quasi-projective relation algebras, 3499 
quasi-real-time, 1016, 1595 
quasi-real-time family, 149 
of languages, 236 
quasi-real-time 
languages, 41, 670 
multicounter machines, 149 
recognizability, 751 
quasistationary distribution, 2389 
quasitraces, 1202 
quasiuniform structure, 2995 
quasiuniformity. 2995 
quasivarieties ofp-algebras, 1847 
quasivariety, intinitary -, 371 
Queffklec, Host and -, 1841 
queries, 403,462,646,648,674,887,908, 1237, 





aggregate -, 2538 
and updates, framework for -, 2921 
Boolean -, 3133 
bounded -. 3090 
classes of -, 1375 
comparison -, 1246 
complexity of -, 2223 
database -, 2224.2682 
Datalog -, 2226 
expressible -, 2225 
first-order -, 2790, 2792 
flexible -, 3335 
function value -, 2613 
hierarchy of -, 2223 
in DB-co-NP, 3644 
queries in relational calculus 
over relational databases, 3327 
with temporal constraints over temporal 
constraint databases, 3327 
queries 
in relational databases, 3335 
interval -, 2733 
linear -, 924 
not expressible in first-order logic, 3365 
on databases with external functions, 3629 
on object histories, interval -, 953 
over constraint databases, 3365 
parallel -, 2668 
partially specified -, 96 
positive -, 1360 
processing of -, 2538 
reachability -, 2291 
sequence of -, 2715 
shortest distance -, 2657 
queries to an 
NP oracle, 1581 
oracle, 1377,3468 
queries, transforming relational -, 2224 
queries with 
arithmetical constraints, 3365 
implicit relations, 1375 
infinitely many answers, 3682 
query, 1171, 1192, 1422 
answer, 1192 
aggregative closure -, 3022 
query answering, 1449.2227.2533 
for probabilistic knowledge bases, 3331 
procedure, 3331 
procedures, 1304 
complexity of -, 2227 
query 
answers, 1569.2746 
asked against multiple databases, 3626 
clauses, 1796 
decomposition, 3150 
query evaluation, 1014, 1375, 3327, 3332 
algorithm, I605 
query 
from flat relations to flat relations, 3530 
goal, 1171 
handlers, 1375 
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hierarchies, 1.58 1 
query language, 887, 1422,3365,3387,3630 
for complex-object databases, 3530 
query languages, 1424, 1453, 1633, 2792, 2921, 
3030,3 133,3547,3629 
database -, 2921 
developing -, 2789 
for nested relations, 1633 
high-level declarative -, 2555 
object-oriented -, 2224 
with iterations. 3629 
query 
learning, 3556 
machines, 153 1 
node, 2234 
query optimization, 2715, 2746, 3630 
object-oriented -, 2224 
query priority, 462 
query processing, 1168, 2223 




size estimation, 2228 
query time, 1389 
sublinear -, 968 
query writing, 1375 
non-procedural approach to -, 1375 
query-answer service, 1666 
querying, 2613 
disjunctive databases, 3133 
independent databases, 3626 




queue automata, 236, 1595 
FIFO -, 236 
queue languages, 1595 
queueing network, 2385 
closed -, 2385 
model, 2387 
two-station -, 2387 
queueing networks, 2959 
multiple class -, 2959 
with multiple job classes, closed -, 1212 
with negative and positive customers, 2959 
queueing 
systems, 1013,272O 
queue-read queue-write asynchronous PRAM, 3729 
queues, 1103. 1731,2178,2386,2387,3352,3398 
with failures, 1013 
networks of -, 2387 
queuing 
analysis, conventional -, 470 
disciplines, 2075 
models, 2075 
queueing systems, 2075 
multichannel -, 2075 
QuickSort, 2266,3482,3557 
quiescent states, 2634 
Q-unifcation, 1519 
quorum 
consensus method, 3582 
sizes, 3740 
quota algorithms, 3354 
quotient 
AFL operation, 455 
grammar, 3808 
modules, 2258 
monoid, 768, 1845 
pumping condidtions, 1097 
system, 1181 
term algebras, 2268 
quotients, 2065, 2110, 2459, 2669 
quotients in the 
category of Scotl’s continuous lattices. 536 
catgory of algebraic lattices, 536 
quotients of 
domains, 1626 
languages, 229, 1173 
monoids, 364 
polynomials, 204 
rings of polynomials. 229 
Qu-Prolog (extension of Prolog), 3318 
syntax, 3318 
unification algorithm, 3318 
R 
R (complexity class), 1000 
Raatz and Snyder, Gallier, -, 3295 
Rabin, 250, 1162, 1802 
algorithms of Lehmann and -, 668 
and Scott, 114 
automata, 1802, 2540.3044 
complementation lemma, 3844 
Fischer and -, 378 
Rabin index of 
an w-language, 3044 
a set of trees. 1570 
Rabin 
indices, 1570, 3575 
recognizability, 2540 
Rabin recognizable, 2540 
tree languages, 1397 
Rabin 
tree automata, 203 1, 2540 
theorem of -, 385 
Rabin-recognizable relations, 2031 
Rabin’s 
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characterization, 1802 
complementation lemma, 2663 
fundamental theorem, 1802 
model, 1802 
probabilistic solution of the mutual exclusion 
problem, 668 
proof of the undecidability of the inclusion 
problem, 30 
representation theorem, 1570 
special automata, 871, 1162 
stochastic method for verifying compositeness, 
176 
Rabin’s theorem, 726, 2663 
independence of -, 385 
on difficult recursive sets, 385 




Rackoff, Goldwasser, Micali and -, 1573 
radicals for solving equations, 280 
radices, 938 
radii, 2732 
radiosity method, 3738 
radius of convergence, 614 
radix expansions, 2995 




model of computation, 3039 
model of computation, permissive parallel -, 627 
program, 138 1 
random access machine, 458, 566 
with shifts, 1843 
Ramachandran and Kaltofen’s algorithm, Miller, -, 
3193 
Ramadge and Wonham, 2773 
Ramakrishna and Mukhopadhyay, 3263 
Ramanathan and Alagar, 2535 
RAMS, 2004,2469 
space complexity of -, 2004 
Ramsey like applications, nonstandard -, 660 
Ramsey theorem, 660.2205 
finite -, 839 
infinite -, 839 
Ramsey theory, 3 106, 3223 
Ramseyan 
factorization forest, 1356, 2677 
functions, 2677 
Ramsey’s theorem, 839, 3832 





machines, 566, 1537 
memory cells, 469 
storage cells, 370 
random 
acyclic digraph, 1116 
algorithms, fairness of -, 2920 
random allocation, 3239 
of jobs, 3239 
random 
assignments, 509 
bipartite graphs, 2768 
bits, 2093, 2181 
random coin, 2093 




random databases, 3625 
random deadline, 2382 
random edge cuts, 2777 
behavior of -, 2777 
families, 2768 
families, generation of -, 2768 
generation, 2430, 2498 
random fields, Markov -, 2929 
random generation, 844, 3 138, 3 140 
algorithms, 2498, 3141 
random generation of 
combinatorial structures, 844 
deco polynominoes, 3140 
random generation problem, 2498 
random graph, 479 





mappings, 27 13 
matrices, 3092 
mdigit number, 71 
move-to-front, 2122 
NP-complete problem, 2770 
oracles, 1720, 3652 
oracle separations, 2091 
pairs, 2175 
polynomial time, 377 
programs, 1078 
selection operation, 246 
sequences, 3652 
sets, 3201 
set systems, 2768 
source, 2093 
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variables. 1511, 1731,2382,2715,3194 
walks, 1020 
words, 3141 
random-access machine, 284 
randomised algorithms, 3463 
randomization, 740. 2426, 2492 
in computational geometry, 3 115 
scheme, 1733 
randomized algorithm, 3321 
BIT-for-Sets. 2470 
randomized 
algorithm for sorting, 2897 
algorithms, 1520, 1831, 2469, 2473, 2612, 311.5, 
3227,32373542,3559 
approximate counting, 844 
communication complexity, 3492 




decision tree complexity, 2089 
extrema finding, 1520 
logspace algorithm for graph connectivity, 3321 
logspace machines, 2093 
many-one polynomial-time reduction. 2181 
min operator, 2469 
online algorithm, 2426, 2468 
oracle algorithm, 3303 
parallel arithmetic complexity, 3233 
parallel comparison complexity of merging, 1566 
randomized polynomial, 2469 
time reducibility, 910 
randomized 
polynomial-time algorithm, 1848 
reduction, 3474, 3518 
reductions, 910, 3068 
routing, 2982 
self-stabilizing algorithms, 3488 
shared memory simulations, 3235 
space-bounded computation, definition of -, 2093 
strategy, 1788 
randomized time, 3068 
classes. 3068 
randomized 
upper bound, 2469 
work and time optimal algorithm, 3729 
randomly labelled tree, 1225 
randomness, 503.2093,2740, 3206 
of complete languages, 1784 
properties of languages, 1784 
resource bounded -, 3201 
universla test of -, 481 
random-sampling algorithm, 2228 
Raney 
numbers of nodes in a complete binary tree, 3304 
results on completely distribution lattices, 2197 
rang determination problem for equations in 
monoids, 348 
range 
of automatic sequences, 1817 
property, 23 13 
queries, 1192 
range query, 1174 
problems, 343 
range sum queries, 624 
range theorem, 23 13 
range-restricted fragment, 3530 
rank, 2022,2128, 2166 
algebras without -. 438 
hyperedges of -, 2128 
rank in the sense of Eggan, 596 
rank, local -, 2460 
funny -, 2460 
rank method for complexity lower bounds, 3264 
rank of a 
formal tree power series, 544 
matrix, 3446 
mimmal deterministic automaton. 596 
term, 3013 
rank of subsets of free monoids, 1834 
rank theorem, 3065 
rank-l definitions, 1844 
rank-2 definitions, 1844 
rank-3 definitions, 1844 
rank-4 definitions, 1844 
ranking 
function, 205, 3474 
of distributions, 3474 
ranking problem, 1469 
for unambiguous context-free languages. 1469 
ranking problems for regular languages, 1469 
Rao result on regular interative arrauys, 2232 
Raoult, 1001 
and Kennaway, 2673 
Raoult’s rewriting system, 1149 
rapid on-line detection, 497 
of occurrences, 497 
rapid prototyping, 2012 
Rasiowa-Sikorski-style proof system, 3 131 
rates, breakdown -, 2386 
ratio, minimum cut-off -, 2609 
rational 
adherences, 890, 1429 
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adherences, characterizations of -, 890 
and recognizable series, equivalences between -, 
838 
rational approximation, 1746, 176.5 
problem, 1746 
rational behaviors, 3610 




coefficients, rational sequence with -, 108 
computation, monotone -, 42 
rational cone, 102, 170, 1303 
of context-free languages, 1772 
rational 
coordinate functions, 1651 
DOL sequence, 156 
division, 392 
domination of languages, 1772 
rational entries, 
matrices of -, 762 
matrix with -, 364 
rational equivalence relations, 907 
deterministic -, 907 
length-bounded -, 907 
rational expression, 1667, 2523, 3045 
functions, 2560 
functions, characterization of -, 2560 
identities, 2541 
identities, complete system of -. 2541 
of a language, 1667 
one-letter -, 2541 
unambiguous -, 807 
rational expressions, 596, 871 





functions, 907, 1104, 1197, 1222, 1325 
rational functions 
equivalence kernels of -, 907 
multiplicative complexity of -, 204 
of bounded complexity, 1197 
polynomials of -, 1325 
sequences of -, 1222 
z--, 68 
rational 
Gs sets, 1786, 3447 
generators, 1024 
identities, 1667 
rational index, 932, 1091, 1772 
of generators of the rational cone of context-free 
languages, 1772 
rational 




rational language, 197,932, 1024, 1266, 1588, 1667, 
3141 
infinitary deterministic -, 659 
rational languages, 141, 142,768,783, 1097, 1430, 
1614,1667, 1693,2027,2103,2212,2730 
deterministic -, 659 
of two-sided infinite words, deterministic -, 659 
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rational relations, 114, 768,907, 1614, 1807, 2106, 
3301 
characterization of -, 768 
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Subject Index Volumes l-2001 Theorvticni Computer Science 213/214 (1999) S-436 329 
interpretation, 2331, 2480 
modified -, 2689 





by automata, 1749 
realization of 
analytical systems, 1476 
an interface specification, 1439 
automata, 1631 





one concurrent system by another, 514 
tree series, 1446 
realizers, property of -, 2689 
realizing Boolean functions, 48 
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polynomial-time -, 2505, 2727 
quasi-injective -, 2364 
randomized -, 910 
reductions to 
co-sparse sets, 15 17 
ELT,, 3014 
normal form, 586 
P-selective sets, 1517 
reductions 
truth-table -, 3108 












key comparisons, 2717 
nodes, 2443 
nodes, row of -, 2443 
search, 4 
values, 2681 
Reed and Roscoe, 2629 
Rees quotient, 758, 3018 






narrowing strategy, 1120 
temporal language, 2650 
refinement, 898,961, 1847, 1858 
calculus, 2484, 2805, 2881 
calculus of, 2806, 2845 




a single event, 1744 
functional programming, 1125 
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program level laws of -, 2805 
relation, 3001 
semilattice, 2800 
refinement-based multi-level correctness proofs, 
3195 
refinements, 1830, 2148, 2194,2263, 2267, 2484, 
2535,2577.263 1,2634,2650,2805,2806 
action -, 2016. 2 196,2263 
conservative -. 591 
refining 
an atomic action, 1744 
assumption/guarantee specifications, 3271 
multiset transformers, 3687 
reflection, 1035, 1411 
reflections, 3069 
reflective subcategories, 1830 
reflectors, 1542 
reflexive, 2197 
and transitive closure, 364 
domain, 3574 
objects, 1319 
quasi-prime algebraic domain, 3074 
relation, 3 124 
reflexive-transitive closure, 1737, 2616 
reflexivity, 907 
axiom for equality, 862 
reformulating language processing problems, 2729 






refutation, 1411, 1701, 3077 
of a formula, 3077 
refutational completeness, 2748 
refute hypothesis spaces, 2608 
regimes, 798 
region 
in a 2-structure, 2453 
location, 347 
regional homotopy, 253 I 
methods, 2531 
regions. 2116,2162,2453,2621,2658,2737 
connected -. 2162 
curved boundary Jordan -, 2162 
planar -, 2162 
repeating -, 2737 
register function, 347 1 
of binary trees, 347 1 
register machines, 3282 
registers, 2444 
automaton with -, 40 
average number of - required, 183 
dedicated communication -, 2659 
registers, number of - required for 
evaluating arithmetic expressions, 183 
trees, 183 
Reg-Tf- (regular trace language), 679 
regula falsi, 1656 
regular, O-reversal-bounded -, 2051 
regular almost-confluent Thue systems, 869 
equivalence problem for -, 869 
regular 
and algebraic infinite trees, 511 
binary trees, 205 
bipartite dual graph, 3 147 
bipartite graphs, 2021 
D-classes in monoids, 52 
CCS, 2919 
characterization, 1646 






bands, free upper -, 33 1 





constraint graphs, 1827 
context-free grammars, 551, 3532 
regular control, 1522 
restrictions. 804 
regular 
deterministic programs, 248 
double Stone algebras, 3536 
dynamic logic. 388 
edge labeling, 3198 
equational theory, 845 
event, 157 
events, 678,967, 2692 
expression, 1441, 3045, 3231 
regular expressions, 767, 797, 871, 894, 942, 954, 
1057, 1432, 1658, 1695, 1783, 1801.2303. 
2428,2724,3 123.3343 
generalized -, 894 
marking of -. 942 
of star height, 1, 278 
rewriting extended -, 2692 
with interleaving, 3036 
regular 
first order dynamic logic, 388 
fixed point, 1450 
formulas, 755 
regular forests, 143 1 
regular grammars, 47, 1525. 2547 
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finite set of -, 2547 
regular graph, 3147 
problem, 2496 
regular graphs, 1370 
fast uniform generation of -, 1370 
regular 
iterative arrays, 2232 
language, 1253, 1254, 1261, 1295, 1380, 1383, 
1529, 1567, 1611, 1845,3360,3508 
regular languages, 28, 34,43,99, 135, 201, 283, 312, 
476, 528, 538, 551, 570, 596, 688,706, 707, 
711, 713,745, 789,863,886,940, 1023, 1055 





m-regular languages, 1146 
regular languages 
acceptance power of -, 2783 
by Boolean automata, representing -, 745 
characterization ofw--, 570 
characterizing o-, 889 
commutative -, 55 1 
equations for -, 201 
equivalence of -, 925 
independence of -, 2546 
regular languages, intersection 
of -, 3067 
with -, 538 
regular languages, limited -, 461 
regular languages, minimal 
deterministic automaton for -, 596 
elements of -, 2287 
regular languages 
of picture descriptions, 7 11 
rn--, 889 
pumping conditions for -, 886 
representing - by Boolean automata, 283 
star-free -, 2050 
succinct representation of -, 283 
transductions on -, 925 
unary -, 2213 
with star-height not exceeding, 1, 3296 
regular 
logic, 543 
look-ahead tree transformations, 2937 
maximal code, 1574 
regular MBD, 2380 
constructing optimal -, 2380 
regular 
minimal broadcast digraphs, 2380 
monadic Church-Rosser Thue systems, 1242 
normal form of rational schemes, 438 
Wlanguage, 35 13 
aAanguages, 3209.3501 
operations on processes, 1621 
or algebraic sets of infinite trees, 511 
PDL operators, 3036 
operators, Kleene’s -, 755 
regular picture 
description languages, 711 
languages, 711, 1008,250l 
regular preperfect systems, 869 
equivalence problem for -, 869 
regular 
process, 1544 
processes, merging -, 880 
program operators, 346 
regular programs, 1298,3036 




relations, 2451, 3335 
regular representation, 1525 
of recursively enumerable languages, 1525 
regular resolution, 76 
proof tree, 76 
regular 
rewrite rule, 2043 
rewriting systems, 1277 
semigroups, 52.2550 
semiring, 1094 
semi-Thue systems, 1322 
sequences, 1370 
sequential nondeterministic processes, 880 
set, 1161, 1450 
set-covering problems, 1048 
regular sets, 32, 406, 599, 1061, 1595, 1654, 2033, 
2124,2 173,223 1,2428,2549,3039,3259 




regular solution of 
language equations, 201 
star equations, 778 
regular 
spaces, 3355 
stripe picture languages, 711 
structure, 2069 
subsets, 679, 3171 
switching functions, 1048 
syntactic monoids, 2550 
systems, 829, 1066, 1150, 1221 
temporal logic, 2033, see also RTL 
=-regular temporal logic, 2033 
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regular 
terms, 65 
theory of fairness, 1043 
Thue systems, 869 
regular trace 
language, 679 
languages, 1002, 1717 
regular 
tree languages, 143 I 
trees, 256, 5 10,568, 596, 207 1 
tries, 1592 
unimodal systems, 2525 
unit, 3123 
zigzag submonoids, 2113 
regularities, unavoidable -, 1369 
regularity, 1431, 2305, 2760 
conditions for languages, finding -, 783 
decidability of -, 671 
indication. on-line -, 671 
regularity of 
context-free languages, 551 
interconnections, 1281 





problem for GPL’s, 599 
test, 1644, 1775 
theorems, 298 1 
regularity-preserving relations, 34 
reguiarization of PadC approximation, 3233 
regularized terms, 1236 
regulated 
context-free grammars, 3531 
limited ETOL systems, 353 1 
rehashing 
an address space, 2926 
in PRAM emulations, 2926 




and Sen. 3415 
Miller and -, 1632 
Pan and -, 1039 
Reingold, 469 
Reingold’s characterization 
of pushdown permuters, 469 
counterexample to -, 469 
Reischuk 
and Schindelhauer, 3474 
Halstenberg and -, 2945 
Reiter, 1605, 2040 
Reiterman. Adimek, Nelson and -, 546 
Reiter’s normal default theories, 3330 
rejection 
blocking, 1212 
by looping, 220 
of interleaving. 1391 
relabelling, 2669 
relation algebra, 1626, 3357 
relation algebraic 
domain constructions, 1626 
model, 3001 
relation algebras, 2800, 3023, 3499 
properties of -, 2800 
relation 
preserving locally continuous functions, 3268 
scheme name, 674 
relation schemes, 647, 674, 1524 
lossless join properties for -, 647 
with FD’s, 674 
relation 
sizes, 2715 
specified by a two-level grammar, 554 
system, 229 
testing problem, 341 I 
relational algebra, 1192, 1691, 1857, 3530 
expression, 674 
programs, 1192 
axioms of -, 314 
generalized -, 887 
Tarski’s and Riguet’s -, 307, 314 
relational algebraic, 842 
relational algebraic semantics, 842 
of programs, 842 
relational calculus, 1305, 1448, 2673, 2789, 2806, 
2845.3327 
generalized -, 887 
relational 
composition, 3023, 3186 
consistency, 3371 
data model, 3030 
relational database, 400, 1459 






schemata, equivalence between -, 408 
scheme, 1545 
theory, 686, 1041 
relational databases, 629, 674, 686, 1041, 1169, 1183. 




parameters, 27 I5 
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functional dependencies in -, 495 
parameters of -, 2491 
relational 
division operator, 2199 
expressions, 674 
graph rewritings, 2673 
interval arithmetic, 3369 
logic, 3 13 I 
machines, 2792, 3629 
relational model, 524, 742, 1375, 1423, 1424, 3332 





relational query facilities, 1375 








update transactions, 1759 
relation-algebraic semantics, 3023 
relationally structured locally complete partial orders, 
3268 
relationally-attributed grammars, 1375 
relation-based, 3371 





among constructors, 3374 
automaton-definable -, 2031 
behavioural implementation -, 2046 
cardinalities of -, 2791 
computable real-valued -, 3 190 
conflict -, 2795 
congruence -, 2035 
defined by a first-order arithmetical formula, 
3538 
dependence -, 2784 
derivation -, 789 
derived -, 2715 
elementary -, 2578 
functional -, 2243 
in time, 3437 
k-ary -, 2506 
Kleene algebras of -, 2616 
logical -, 2592, 2595 
monadic -, 2006 
mutual -, 2764 
neighbourhood -, 2764 
nested -, 2789 
Rabin-recognizable -, 2031 
rational -, 2106 
recursion -, 2385 
satisfaction -, 2577, 2644 
sizes of -, 2715 
well-founded -, 2636 
with nulls, operations on -, 887 





exact -, 2365 
hierarchical -, 2655 
ordered shared -, 2795 
reasoning about -, 490 
structural -, 2739 
relative 
acceptance, 140 
answer producing behaviour, 490 
relative completeness, 508, 769 
in Hoare’s logic, 769 
of Cook, 1485 
relative complexity, 315, 809, 1182, 1850 
of real numbers, 607 
relative computability, 607, 2643 
relative computation, space-bounded -, 117 
relative computational complexity, 513 
inherent -, 513 
relative 
consistency proof, 2014 
containments, 907 
dimension, 3 177 
error, 302 
expressive power, 2195 
relative inclusion, 1694 
star height, 1694 
relative 
incompleteness, 769 
network completeness, 2439 
parallel-time complexity, 2418 
polynomial time computability, 29 
priorities, 263 1 
processor speeds, 2144 
representation theorems, 3499 





strength, 1605,2044, 2364 
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substitution, 1614 
temporal realization, 3525 
weights, 2385 
simplification. system performing -, 2336 
relatively complete, 1502 
proof system, 1556. 1792 
relatively definable, 3436 
relativied independence, 1545 
relativizable proof techniques, 1297, 2211 
relativization of 
the time hierarchy theorem, 3019 
ZPP, 1638 
relativizations, 1106, 1395, 1445, 2522 
relativizations of 
probabilistic polynomial time, 1734 




closure properties, 45.5 
complexity classes, 2054 
computations, 1297 
functional LAAs, 2647, see also RFA 




time hierarchy. 255 
relativized polynomial-time hierarchies, 2019 
existence of -, 2019 
relativized 
strength, 1638 
topological size, 1637 
world, 1515, 2568 
relativizing 
complexity classes, 2004 
relativized computations, 1297 
release time, 2466 
constraint, 1420 
relevance, 2144, 2199 
logics, 1090 
relevant 
computational formalisms, 2333 
drawback, 2096 
reliability, 729, 1348, 1366, 1830, 2283, 3557 
reliable 
atomic data types, 2795 
axioms, 1680 
computations on faulty EREW PRAM, 3127 
identification, 2608 
identification, criteria of -, 2608 
Remmel, Marek, Nerode and -, 3330 
remote mechanism, 2654 
removing nonstandard computations, 950 
renaming, 1783,2381, 2732, 3506 
of bound variables, 1134 
operator, 594 
operators, 2 194 
order preserving -, 2732 
renewal 
equation, 1232, 2716 
systems, 1757 




repair, 244 1 
characteristics, 2386 
deferring -. 2441 




for a finite substitution system, 1033 
of a substitution system, 1033 
repeatable 
languages, 1033 
substitution system, 1033 





repeated snapshots, 964 





REPEAT-EXIT constructs, 256 
repeating 
patterns, 2737 
region, largest -, 2737 
regions, 2737 
repetition 





infinite words, 864 
words, 864 
words, density function of -, 864 
repetitions, 876 
in a string, 3344 
local - in words, 177 
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structures of strings, 3255 
threshold, 465 
repetitiveness of strings, 3255 
replacement 
grammars, hyperedge -, 3143 
rule, 2060 
schemes, 2360 
system, tree -, 728 
systems, 1248,3418 
replacements, 2283 
replica control, 3740 
replicated 
data, 3582, 3740 
synchronous, 2440 
systems, 2440 
systems, semantics of -, 2440 
replication operator, 2440 
replication, n-calculus with -, 3059 
repository of information, 3688 
Reppy’s language CML, 2957 
representability by formal spaces, 3355 
representability of 
algorithms, 1554 
fork algebras, 3499 
functions, 2902 
locally compact regular spaces, 3355 
representability problems, 2607 
representable dynamic algebras, 37 1, 2544 
variety generated by the -, 371 
representable 
free algebra, 371 
functions, 601 
representation, 1664, 1691 
by labelled trees, 1329 
in basis p. 1648 
continued fraction -, 928 
convenjent methods of -, 2428 
final topology of a -, 738 
graph-theoretical -, 3215 
knowledge -, 3084 
representation of 
2-structures by trees, 1328 
computable real numbers, continued fraction - 
928 
computations, 3215 
concurrency, 139 1 
dynamic creation of processes, 1621 
flowchart schemes, 1015 
hierarchical networks of processes, 1621 
Horn formulae, 3326 




logic programs, 3207 
noncommutative polynomials, 1476 
partial recursive functions, 135 
planar graphs, 1833 
preferences, 3335 
processes, 3453 
rational functions, 1197 
representation of real numbers, 1226, 1350, 1562, 
2995 
in basis 6, 1749 
left cut -, 928 
representation of 
recursive functions, 63 
recursively enumerable languages, 1173 
regular languages, succinct -, 745 
sequential specifications, 1441 
representation of the basic 
factors of a string, 1641 
subarrays of an array, 1641 
representation of 
the semigroup of an automaton, 190 
tree automata, 1027 
representation of trees, 126, 132 
by languages, 126, 132 
representation power, 1490 
representation result, 1282 
for event domains, 1282 
representation theorem, 948, 1197, 1417.3499 
representation theorem for 
language equations, 863 
quasi-projective relation algebras, 3499 
representation theorems, 418, 424, 1061, 1554, 1804, 
2299,2647 
representation theory for a 2-structure, 2453 
representational power, 486 
representation-independent fashion, 2165 
representations, 2031, 2052, 2073,2092, 2165, 2182, 
2244,2368,2377,2428,2448,2547,2560, 
2563,2624,2723,2760,2790 
admissible -, 2182 
binary -, 2356 
by trees, 663 
explicit -, 698 
graphical -, 2282.2534 
in number systems, 460 
integral -, 2385, 2714 
intermediate -, 2406 
interval -, 2693 
minimum size of -, 2052 
normal-form -, 2390 
representations of 
2-structures, hierarchical -, 1329 
algebraic classes, 1797 
cycle-free orders, 3409 
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data structures, 173 1 
effective cpo’s, admissible -, 523 
FD-relations, 15 11 
formulas by automata, 1570 
functional dependencies, 495 
groups, 636 
hypergraphs, 1599 
h trees, 222 
language families, 1061 
languages, 533 
monoids, 364 
nondeterministic information, 575 
operational concepts, 585 
parsing trees, 929 
propositional circumscription, 3395 
real numbers, 928 
sequences, 609 
sets of possible worlds, 1457 
solutions of language equations, 3421 
stationary o-words, 888 
transductions, matrix -, 693 
trees, 438 
tree series, 1446 
representations, 
polynomial-size -, 3395 
recursion theoretical properties of -, 738 
theory of -, 738 
topology of -, 738 
visibility -, 2291 
representative, 2373 
canonical -. 605 
representative instance, 1168, 1449 
approach, 1857 
representative 
of an equivalence class, 605 
set, 3329 
represented large-scale graphs, implicitely -, 2739 
representing 
context-sensitive probabilistic knowledge, 333 I 
database objects, 1691 
inductively defined sets by wellorderings, 3348 
regular languages by Boolean automata, 283 
weak formulas, 1570 
request point, I823 
requested 
set, largest -, 2470 
sets, 2470 
requirements 
constant memory -, 2293 
realtime -, 2410 
resource -, 2467 
storage -, 23 I 1 
rerouting algorithms, 1851 
resequencing problem, 3259 




residual hypotheses, 2295 
residual operation, 1213 
on transitions, binary -, 1213 
residual program, 374, 167 1 
instructions, 374 






classes modulo k, 3058 
class modulo a natural number, 1403 
field, 3400 




of k-arbiters, 3503 
resisting sublinear parallel time, 2565 
resolution, 582, 685, 1304, 1337, 1597, 1662, 1840, 
2096,2116,2155,2156,3096,3587,3847 
deductions, 2369 
completeness of -, 1396 
ground -, 1396 
H--, 757 
resolution in 
infinite-valued logic, 3847 
theorem proving, 3371 
resolution 
intractability of -, 775 
lockjng -, 685 
method, 1076, 1597, 1662 
method for classical logics, Robinson’s -, 1219 
resolution of 
Boolean formulas, 757 
systems of algebraic equations, 3 11 
type equations, effective -, 882 
resolution, ordinary -, 2237 
resolution principle, 59. 1483, 3561 
for weak logic, 1483 
resolution procedure for EFS, 1762 






rule, 1519, 1729 
sequences, 1120 
system, 3048 
proof tree, regular -, 76 
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SLD -, 2296 
SLDNF -, 2098.2298 
strategies of -, 1396 
resolution-based 
deduction, 1081 
proof procedures, 2037 
resolution-like inference, 2450 
resolutiotiparamodulation-based methods, 862 
resolution-type proof procedure, 3584 
resolver& 1598 
set of axioms, 1598 







bound timed actions, 3432 
resource bounded computations, 166 
gap theorem for -, 166 
resource bounded 
deterministic complexity classes, 3 15 
diagonalization, 166 
functions, 1528 








resource-aware logic, 2575 
resource-bounded instance complexity, 3038 
resource-oriented specification style, 1666 
resources, 2110,2282,2310,2489 
resource-sensitive nature, 2203 
response, 1556 







et al. conjecture, 3080 
Giammarresi and -, 3485 
Restive’s condition for finiteness of semigroups, 886 
restricted 
CCS, see also RCCS 
characterization of EOL forms, 254 
classes, 2321,2555,2560 
classes of schemes, 1343 
concatenation, 1564 
connection relation, 1379 
counting problem, 1509 
CRCW PRAMS, 2365 
derivations, 2684 
domain of programs, 500 
Dyck language, 932 
expansion rules, 3386 
form, 25 11 
generalized satisfiability problems, 793 
grammars, 569 
instruction sets, 2365 
iteration, 1564 
model, 2137.2489 




perfect matching, 2726 
programming formalisms, 509 
propositional dynamic logic, 541 
right-left overlapping string rewrite system, 3535 
subsumption algorithm, 2037 
system, 2015 
restriction 
axiomatic treatment of -, 2577 
compositional rules for -, 971 
construction, 417 
in derivation, 804 
of queries, 674 
on generator set cardinality, 717 
operator, 594 
to bounded parallelism, 734 
restrictions, 2007,203 1.2037, 205 1.2054, 2077, 
2087,2194,2213,2237,2271,2365,2524, 
2577,2669,2685,2774,2791,2795 
linear constant -, 2686 
modelling control problems by -, 270 
restrictions of 
behaviours, prespecified -, 270 
subgraph isomorphism, 1291 
the product of trees, 662 
restrictions on NLC 
grammars, 613 
graph grammars, 6 13 
restrictions on selective rewriting, 341 
restrictions 
problems, 2475 
program size -, 2431 
syntactic -, 2792 
restrictions to 
alphabetic homomorphisms, 1303 
semi-Thue systems, 1385 
restructuring, 1166 
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a database, 3030 
operation, 2293 
result states, 2214, 2297, 2302, 2486, 2523 
result values, 2680 
resultant, 459 
of two polynomials, 3233 
resultant program, 2059 
resultants semantics for CLP, 3089 
results 
analytic -, 2442 
category-theoretic -, 2637 
complementary hardness -, 2021 
computational adequacy -, 2594 
connected oracle separation -, 2019 
conversativity -, 2575 
decidability -, 2108,2179, 2180, 2305, 2485, 
2786 
decision -, 2268 
lower bound -, 2115,2402 
magic sets transformation -, 2750 
MSA -, 2065 
NP-completeness -, 2759 
three-valued logic -, 2202 
undecidability -, 2232, 2501, 2620, 2621 
unsolvability -, 2315 
resumption, 1502 
semantics domains, 1440 
retract, 3574 
equation, 3043 
pairs, 13 12 
retractions, 1299, 2272 
of Scott’s domain Pm, 33 1 
domains of -, 1299 
retracts in Pw, 84 
retransmission probability, 2116 
controlled -, 2116 
retreat bounded picture languages, 2501 
retrieval, 648 
file designs for -, 96 
information -. 61 
methods, 648 
problem, half-space -, 968 
restriction, 1103 
systems, information -, 22 
retrieve transactions, 343 
retrieving information, 3133 
return 
codes, 1296 
complexity classes, 184 
returning PC grammar systems, 3199 




reusable software components, 1557 
Reutenauer, 1369, 1476 
and Berstel, 2614 
Restivo and -, 1810 
Reutenauer’s theorem, generalization of -, 1369 
result, 630 
reversable AVL-trees, 1349 
reversal, 1093, 1654 
and space trade-off, 632 
reversal bounded 
alternating Turing machines, IO55 
machines, 1055 
multicounter machines, 149 
reversal complexity, 1055, 1378 
on Turing machine models, 1378 
reversal 
deterministic -, 190 
of real-time CA languages, 1093 
operation, 1349 
reversal-bounded 
alternating Turing machines, 3346 
multicounter machines, 281 
reversal-bounded multipushdown machine languages, 
722 
characterization of -, 722 
reversal-bounded 
nondeterministic multicounter machines, 954, 996 
picture languages, 205 1 
reversals, 1378, 2051, 2213, 2419 
in Turing machines, 123 
power of -, 123 
reversal-space-parallel complexity measure, 1189 
reverse, 3557 
autodistance, 2020 














counter machines, 3283 
finite automata, 190 
iteration, 1257 
languages, 3427.3552 
parallel computation, 1366 
Petri net, 8 1 
routing, 1212 
simulation, 2699, 2779 
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two-counter machine, 3283 











relation module a congruence relation, 2878 
rewrite rule, 728, 1516, 1739 
system, 1277 
rewrite rules, 959, 1001, 1021, 1166, 1279, 1549, 
2036,2160,2230,2478,2685,3682 
rewrite rules, infinite 
set of -, 2160 
sets of -, 1279 
rewrite rules, 
left-hand sides of -, 2036 
properties of -, 2478 
schematization of infinite sets of -, 1279 
rewrite system, 1275,3535 
Noetherian -, 2889 
rewrite systems, 1555,2321,2417, 2516, 2646, 2684, 
3245,3385,3679 
generating confluent -. 2748 
orienting non-ground -, 2685 
transformations of -, 2889 
TRF -, 2417 
rewrite-based applications, 3252 
rewrites, 868, 948 
rewriting, 651, 727, 735.800.829.948, 980, 1001, 
1060, 1066, 1165, 1192, 1412, 1442, 1461, 
1552, 1599, 1660, 1739, 1778,3208,3252, 
3300,3342,3418,3687 
algebraic -, 3204, 3324 
chains, lengths of -, 681 
components, 2159 
computation order, 882 
context-free -, 3025 
EOL -, 3025 
evaluation by -, 685 
extended regular expressions, 2692 
grammars, 2001 
graph -, 2935 
graphs, 620 
higher-order algebraic -, 3204 
in a CP system, 948 
intermediate -, 3025 




module equations, 3456 
rewriting of 
a rectangular array, 642 
mixed terms, 1552 
rewriting 
one-step -, 65 1 
operation, 685 
parallel -, 877 
process, 1667 
processes, 2 112.2 130 
relation, 2645 
relation, nonterminating -, 2645 
rule, 1737 
rewriting rules, 2280, 2947 
code -, 3237 
rewriting steps, 2645 




rewriting system, 551,626, 68L787.900, 1339, 
1354, 1461, 1541, 1554 
CCL& 1235 
complete -, 906 
convergent -, 1263 
finite complete -, 634, 787 
infinite term -, 2999 
length-reducing -, 906 
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sharp bounds, 2723 
sharp characterizations of squarefree morphisms, 383 
sharp lower bounds for 
additive complexity, 200 
the number of multiplications/divisions, 66 
sharp time bounds for one-tape Turing machine 
complexity classes. 166 
Shaw, 3 IO 
Shaw’s flow expressions, 398 
sheaf conditions, 2689 
sheaf-theoretic approach, 2158 
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sheaves, 2155,2689 
programs form -, 2208 
Shelah, 2788 
shellsort algorithm, 3636 
Shepherdson, Myhill and -, 895 






sofic -, 2996 
shift-add-shift-round data flow, 3737 
shift-commuting maps, 3228 
shift-equivalence of polynomials, 3400 
shifting networks, 2238 
shift-like behavior, 2721 
shift-register cycles, generating -, 866 
shift-registers, 833 
parallel connection of -, 833 
shifts 
generalized Moore -, 3228 
two-sided full -, 3228 
shift-self-equivalences, group of all -, 3400 
shift-variant nature, 2659 
Shinoda and Slaman, 1804 
Shirshov theorem, 1369 
Shore, 1804 
short monotone formulae, 150 
shortening of proofs, nonrecursive -, 533 
shortest common nonsubsequence, 2121,2710,2734 
problem, 2121, 2710, see nlso SCNS 
shortest common supersequence, 2391.2734 
problem, 336 
shortest common superstring, 1087, 239, 36691 
problem, 2564,2695 
shortest consistent supersequence, 3079 
shortest consistent superstring, 2695 
problem, 2695 
shortest 
coset representatives, 623 
curve algorithms, 2162 
curves, 2162 
cut-free proof, 1701 
description of an isomorphism type, 3630 
distance queries, 2657 
distances, 2234, 2657 
distinguishing subsequence, 1530 
shortest maximal common 
non-supersequence, 2734 
subsequence, 2734 
shortest paths, 1577.2006, 2234,2656, 2709, 3267 
computation, 2709 





reset word, 3339 
resolution proof, 715 
string, 2695 
substring, 2716 
shortest superstring, 2564 
problem, 305 1 
shortest tours, 1250 
shortest vector, 2392 
in a two-dimensional lattice, 3397 
shortest word, 932 
of minimal rank, 1141 





shrinking lemma, 3185 
Shub and 
Smale, 2526 
Smale, Blum, -, 2527, 3713 
shuffle, 993 
algebra, 22 18 




shuffle operation, 993, 3486 
on languages, 294 
shuffle operator, 398 
shuffle product, 141,455,606, 1480, 1789, 3171 
shuffle product of 
formal power series, 1565 
two noncommutative formal power series, 1480 
shuffle product with rendez-vous, 606 
shuffle schemes, 75 1 
shuffle semirings, 3171 
shuffle-exchange 
network, 2024,3236 
networks, multistage -, 938 
shuffles, 920 
Shyamasundar, 469 
Shyamasundar’s characterization of pushdown 
permuters, 469 
counterexample to -, 469 
SI (existence of an inaccesible cardinal axiom), 3502 
Sibert and Conway, 1787 
Sibert-Conway decomposition, 1787 
side constraints, seriation with -, 3410 
side-conditions, 2202 
necessity of -, 2202 
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side-effects, language with -, 318 infinite -, 830, 3385 
sideways information of passing strategies, 2746, see signed symbolic dynamics, 1232 
also sips 
Siegel and Schwind’s hypothesis theory, 3334 
Siegelmann, 3290 
and Sontag, 2489 




)3’ 1 -complete, 1492, 1798 
Z, -complete, 1492 
Z, -fragment, 2268 
X,-type formulas, 570 
22 -complete problem, 1503 
q-type formulas, 570 
o-algebras, 2563 
o-ary words, 2 117 
depth of -, 2117 
o-catenation, 143 I 
2-coalgebra, 2803 
u-equivalence, 24 13 
o-equivalent terms, 2413 
X+-game, 3032 
I,,,,, -ATM’s, 1509 
X-labelled trees, 2803 







parallel complexity of -, 2523 
signal 
flow graph, 382 
observation, 3455 




signal/wait operations, 398 





function symbols, 699 
signarure production, 332 
signarures, 612.615, 1550, 1742, 3803 
finite -, 3385 
forging -, 332 
silent 













SIMDIMIMD computers, 1209 
similar complexity, 1593 
similarity, 2583, 2697 
law, 1782 
measures, 2607 
of program structures, 1695 
relations between derivations, 1092 
similitude, 1452 
Simon, 52,312,2617 
and Tompa, Ruzzo, -, 1445 
Simone’s realizability requirements, 1550 
Simon’s 
result on star-free languages, 52 
theorem, 1583 
theorem on piecewise testable languages, 34 i 3 
simple 
access protocol, 3235 
algebra, 7 12 
and rigid problems, 249 
arithmetical functions, 3178 
assignments, 509 
chain grammars, 193 
chase join expressions, 1449 
DOL-systems, 55 
simple deterministic 
context free language, 188 




k-head finite automata, 540 
loop check, 1605 
Max Cut, 16 
simple multihead finite 
automata, 540 
automaton, 7 I8 
simple nondeterministic languages, 760 
simple one-way 
2-head finite automata, 194 
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multihead finite automata, 194 
simple 
paths, 1661 
programming languages, 525 
recurrent neural networks, 3550 




sets in NP, 919 
singularity, 3141 
syntactic congruence, 35 13 
termination, 3385 
types, 3176 
type semantics, 3011 
type-theory, 3088 
valuations, o-chain of -, 2991 
simplex algorithm, 1.55 
simplicial 
complexes, 1352 
lattices, tree representation for -., 3 173 
simplicity, 2140, 2318, 2564, 2655, 2729 
criteria, 2525 
of optimization problems, 249 
P-- of optimization problems, 249 
strong -, 249 
testing of automata, 1836 
simplifiable semiring, 1094 
simplification, 1671, 2630, 2644 
algorithms, 1400 
order, 3385 
ordering, 2036, 2684, 2685 
simplification orderings, 367 
in termination proofs, 367 
simplification rule, 3249 
of ordered completion, 3249 
simplification rules, 2321 
simplification, situated -, 3368 
simply 
reduced form, 1047 
terminating systems, 3385 
typed U-calculus, 3300 
simply typed lambda 
calculus, 3324 
model, 1122 




synchronous protocol, 2436 
simulating 
a lNFA, 917 
alternating tree automata, 2663 
an n-state lNPA, 917 
concurrent writes, 1733 
finite-state automata, 2077 
graph grammar, 872 
machine, 1335 
nets by garph grammars, 872 
PRAM’s, 1843 
probabilistic computation trees, 827 
synchronization, 1790 
synchronous computations, 2434 
the substitution in h-calculus, 900 
Turing machines, 3353 
simulation, 3288 
among concurrent systems, 5 14 
between machines, 1068 
simulation by 
a centralized program, 1051 
linear graph grammars, I133 
one-tape reversal bounded ATM’s, 1055 
simulation 
equivalence, 2641 






a 2DFA by a IDFA, 917 
bounded recursion, 3324 
circuits, 493 
gate races, 1148 
irreversible CM’s, 3283 
loops, 1456 
many storage heads by one, 665 
mixed stochasticlnonstochastic systems, 2929 
multitape Turing machines by oblivious one-tape 
Turing machines, 665 
neural networks, 3287 
nonterminal bounded graph grammars, 1133 
normal pushdown stores, 665 
simulation of Petri nets, 688 
by graph grammars, 872 
simulation of 
PRAMS on DMMs, 3235 
probabilistic acceptors, deterministic -, 265 
query machines, 1531 
sorting networks, 965 
space bounded ATM’s, 1055 




on-line -, 429 
real-time -, 665 
simulations, 1239, 2003, 2009, 2043, 2135, 2172. 
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2178,2352,2434,2442,2516,2542.2622, 
2641.2699 
across models. 1335 
among Turing machines, 429 
simulations of 
ACO-circuits, 3222 
a language in another, 9 
nonmonotone networks, monotone -, 1239 
stochastic processes, 1370 
systolic systems, 1333 
uniform circuits, 1843 
simulation-time. 2509 
simulators, 1148 
for DPDA’s, 1824 
simultaneous 
complexity of the halting problem, 1054 
growth in TOL systems, 677 
inference of programs, 1255 
nonuniform and nondeterministic time bounds, 
1601 
optimization of expressions, 3603 
polylog space, 5 18 
polynomial-rime, 2676 
primitive recursion on trees, 1461 
recursion, 1037 
simultaneous rigid E-unification, 3295 
problem, 3295 
simultaneous 
space-reduction and speed-up, 1083 
substitution, 1134 
tests of entailment and disentailment, 3368 
time-space bounds, 5 I8 
type equations, 882 
writes, 990 
SIN (strong innermost normalization), 3013 
Sinclair and Jerrum. 2021, 2739 
Singer, 3 120 
and Ulmer, 3 120 
single 
exit flowchart schemes, 171 
exponential test sets, 2231 
finite state control, 859 
function coarsest partition problem, 786 
head tape units, on-line simulation by -, 665 
isomorphism type, 770 
single letter alphabet language processing, 62 
tape bounds for -, 62 







pass compiler, 1338 
prover model, 2568 
pushdown stack, 469 
pushout approaches, 2673 
push-out of partial morphisms, 620 
real variable, 2778 
return, 2077 
server for two queues, 3398 
state, 2235 
storage tape, I 129 
substitution, I134 
target permutation, 7 I7 
single-axiom 
context free grammars, 3808 
Thue system, 697 
single-conclusion consequence relation, 2064 
single-inheritance database schemas, 2555 
single-letter alphabet, 532 
single-place subnets, I I99 
single-pushout, 3342 
approach, 2129,213l 
diagram, 2 13 I 
graph transformation, 2131 
transformations. 2131 
single-rule 





single-sorted first-order structures, 1348 
singleton, 2313 
solution, 2503 
trace language, 679 
singleton-inductive, 133 
single-valued distance automata, 2552 
single-valued rational transductions, 925 
on regular languages, 925 
single-valued sets, 895 
single-valuedness. 505, 2072 
singular 
basis, 2258 
points, 3590, 3592 
sets, 3592 
solution, 3590 
singularities, normal forms of -, 3116 
singularity, 3141 
analysis, 3.594 
of minimum modulus, 3141 
sink, 229 I 
sinklessness, 1730 
S-invariants, 2193 
Sippu and Soisalon-Soininen, 2303 
SIPS (sideways information passing strategy), 2746 
left-to-right -, 2746 
well-founded -, 2746 
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log-time hierarchy, 3490 
Sirvent, 3533 
site failures, 3582 
sites, 2640 
evolutionary -, 2737 





size compatibility, 3598 
size of 
automata, 1466 
resolution proofs, 1177 
state spaces, 3388 
size parameter, 2232 
sized subset, 2362 
size-depth tradeoffs, 1853 
sizes 
of matrices as parameters, 3598 
unrestricted alphabet -, 2757 
skeleton 
equivalence, 2641 
valid -, 834 
skeletonization algorithms, 834 
skeletons, 
algorithmic -, 3732 
of pictures, 834 
sketch, 13 19 
sketches, 973 
structured -, 973 
skew 
Ferrers diagrams, 18 12 
field, 1815 
forma1 series, 1471 
plane partitions, 2259 
polynomials, 3 114 
power series rings, 1814 
skew products, 1228 
over irrational rotations, 1228 
skew shifted plane partitions, 2259 
skewed trees, 1735 
skewtield, 1814 
of fractions, 1814 
skewness, 1592 
skip list algorithms, 2922 
skip lists, 2922 
Skolem, 35.5, 1046 
Skolem arithmetic, 
conjunctive normal form of extended -, 231 




matrix emptiness problem, 355 
problem, 355 
Skolemization, 565 
by need, 1036 
Skolem-Mahler theorem, 136 
Skolem-Mahler-Lech theorem, 838 
proof of the -, 838 
SL(selection-rule-driven linear), 2447 
SL resolution, 1460 
SL (update language), 3345 
SLA (single letter alphabet), 62 
inputs, 62 
languages, 62 
S-labelled trees, 2951 
slack 
of behaviour, 486 
phase techniques, 270 
variables, 3366 
slackness, 3733 
Slaman, Shinoda and -, 1804 
Slater, Newman and -, 1745 
SLP, 1236 
subsystem, 1236 
SLD E-resolution, 2063 
SLD resolution, 2296 
algorithm, 2296 
fair -, 582 
with negation as failure, 3050 
SLD tree, 2276 
SLD-derivations, 2044, 3557 
pruning infinite -, 2044 
SLDNF 
procedural interpretation, 1752 
resolution, 2098.2298.3050 
SLDNF-decidable, 1796 
SLDNF-finite failure tree, 1796 
SLDNF-refutation, 1796 
SLDNF-resolution, 1606, 1608, 1796 
SLD-resolution, 1120, 1548, 1826, 3584, 3682 
without occur check, 1337 
completeness results for -, 1309 
soundness and completeness for -, 1309 
SLD-trees, 1548, 2330 
Sleator and Tarjan, 2122 
slender 
OL languages, 3005 
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context-free languages, 2519, 3509 
languages, 2309,2519,3509 
SLFP (stratified least fixpoint logic), 2479 
slice, 173 
slice functions, 739, 846, 870, 1239 
of NP-complete predicates, 870 
central -. 870 
complexity of -, 739, 846 
monotone circuits for -, 739 
properties of -, 1239 
theory of -, 846 
slice of a function, 846, 870 
slice operator, 755 
slices 
characterizing -, 173 
double characterization of -, 173 
sliding window, 1572 
slim languages, 3509 
s-link test, 2037 
Slobodovl, 1835 
slope of words, 3304 
slots, average number of -, 2116 
stow processors. selective non-use of -, 245 
slowly utilized oracle, 691 
SLS (semilinear reachability set), 891 
SLS representations, 891 
SLS semilinear reachability set, 891 
SL (separation-like)-systems, 3046, 3047 
Slutzki and Vagvolgyi, 2705 
Smale 
and Shub, 2526 
Blum, Shub and -, 2527,3713 
small 
bandwidth, 3092 
cancellation groups, 980 
depth threshold circuits, 3222 
deterministic Turing machines, 3280 
generators, 675 
small model property, 552 
small model theorem, 1698 
for the u-calculus, 3077 
small 
semilinear set representations, 3350 
separators, 3464 
span theorem of Juedes and Lutz, 3262 
small universal, 3279 
register machines, 3282 
Turing machines, 3279 
smallest 
automaton, 784 
Boolean automaton, 74.5 





partial DFA, 784 
preparator functions, 1127 
suffix automaton of a word, 1710 
tree realizing a walk, 3097 
variety, 2647 
small-model theorem, 2265 
small-separable, 183 1 
smash products, 2278 
Smith, 3343 
canonical form, 762 
Case and -, 49 1 
SML (standard ML), 3376 





family of DOL systems, 55 
functions, 2778 
parametric surfaces, 3240 
stratification, 1575 
surfaces, 3240 
translation between operational and denotational 
semantics, 662 
smoothness of DOL systems, 55 
Smorynski, 2414 
SMS (Mathematics package), 3603 
SMS (symbolic mechanics system), 3603 
Smullyan, 1762 
Smullyan’s lark combinator, 2147 
Smyth, 605, 1323, 1417, 3578 
and Plotkin, 1417. 3216 
Lehmann and -, 1195 
Plotkin and -, I3 15 
Smyth powerdomain, 709, 2038 
of streams, 1095 
Smythe, 2718 
Smyth’s R-structures, 2197 
snake problems, 2485 
domino -. 2485 
snakes, 2290 
snapshot algorithm of Cahndy and Lamport, 964 
Snir, 827, 1302 
Kruskal and -, 938 
Shamir and -, 262 
Snir’s lower bound, 1302 
SNP-hard, 2697, 2734 
Max -, 2710 
Snyder, Gallier, Raatz and -, 3295 
Soare, 125 
sober spaces, 2989 
social laws, 3391 
sofic shift, 2996 
sofic systems, 1227, 1234, 1296, 2525 
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generic -, 2534 
items, 2388 
maintenance, 13 12 
pipelining, 1372 
system specifications, 1557 
software systems, 2283, 2388 
maximize availability of -, 2388 
quality of -, 2283 
refinement of -, 548 
specification and validation of -, 3208 
structured -, 417 
software technology, 1830 
software verification, 3587 
Soisalon-Soininen and Sippu, 2303 
Soittola, 108, 1756 
Sokolowski-type conditions, 1079 
solitaire game, 2023 
soliton 




switching, 1392, 1585 
valves, 1585 
switching, logic aspects of -, 1392 
Solovay 
and Strassen, 250 
Baker, Gill and -, 724 
Ketonen and -, 839 
solution 
algorithm for algebraic equations, complexity of a 
--, 280 
functor, 1195 
graphs, minima1 cost -, 499 
scheme for Dijkstra’s problem, 486 
strategies, 280 
solutions, abductive -, 2335 
solutions, efficient 
dynamic -, 2475 
parallel -, 2475, 2565 
solutions, 
exact -, 2387 
extremal -, 2773 
initial -, 2032 
minimal -, 2444 
Minsky-like -, 2429 
NC -, 2676 
nonregular -, 2500 
solutions 
of linear equations, 382 
of PCP, prime -, 3033 
SC -3 2676 
to systems of set constraints, 3272 
uniqueness of -, 2724 
solvability, 2276, 2485, 2679, 2686 
solvability of 
algorithmic problems, 280 
h-expressions, 858 
polynomial equations, 280 
solvability, relative -, 285 
solvability results 
for the safety problem, 520 
of Beauquier, 520 
solvable automata, 3339 
solvable black-box 
group problems, 3303 
groups, 3303 
solvable groups, 297,997 
solvable in 
O(n) time, 3097 
polynomial time, 1420 
solvable 
path system problem, 518 
satisfiability problem, 2237 





a linear system, 3446 
communication problems, 2435 
complexity of -, 2765 
divergence, 2160 
domain equations, 2206 
solving equations, 2578, 2679 
in the power series domain, 3601 
solving 
geometric problems, 2230 
graph problems efficiently, 3267 
NP-complete problems, 1297 
polynomial systems, 2529, 2531 
star equations, 778 
solving systems, 2526 
solving systems of 
equations, 3600 
language relations, 3421 
Sontag, 3290 
and Siegelman, 2489 
sort, 1443 







in-place. 3 197 
Ii%. 3093 
lists, 173 1 
matrices, 3563 
theories, 612. 615 
sorting, 23. 855, 1249, 1535, 1539, 1566. 3166, 3197, 
3733 
algorithm, 3729 
algorithms. 1009, 1539, 3 166, 3636 
circuit, 3 193 
complexity of -, 1249 
distributed -, 730 
information theory bound in -, 23 
integer -, 566 
sorting integers, 566 
upper bounds for -, 566 
sorting 
lower bounds for -, 1249 
machines, 638 
minimum storage -, 11, 5X 
multisets, complexity of -, 259 
network, 627 
networks, 627, 898,965, 1436 





parallel -, 34 15 
partially sorted lists, 3197 
problem, 23, 3 115 
problem, classical -, 23 
real numbers, 3659 
strings, 2897 
subset sums, 1249 
sorting with 
limited storage, 263 
minimum data movement, 3166 
sortings, 2030.2261, 2726, 2729 
sorting-type decision problem, 4 11 
sorts. 1082, 1854.2065,2160,2749 





framework, standard -, 3265 
sound, 1124, 1792 
and adequate categorical semantics, 3435 
sound and complete, 279, 1120, 1519, 1778, 1779 
axiomatisation for extended computation tree 
logic, 3619 
axiomatization, 1777, 3694 
sound and complete axiomatization of 
embedded cross dependencies, 676 
probabilistic communicating processes, 2920 
sound and complere 
axiomatizations of validity, 971 
calculus, 1442 
first-order logics, 3690 
formal system for join dependencies, 742 
Hilbert-style proof system, 3131 
inference rules for numerical dependencies, X2 
infmltary proof systems, 3375 
many-sorted equational calculus, 1742 
method for evaluating queries, 3332 
modal proof systems, 760 
sound and complete proof 
procedure, 949. 3247 
system, 760, 976, 1046 
systems, 3797 
sound and complete 
query procedure. 3331 
Rasiowa-Sikorski-style proof system, 3 13 1 
semantics. 5X9. 1237, 3191, 3382 
sound and complete set of 
algebraic laws, 3432 
inference rules for order dependency, 524 
sound and complete 
sets of inference rules, 1167 
simple loop check, 1605 
sound and complete tableau proof system, 1779 
sound and complete tableau rules, 3527 
for a CTL-like logic, 3527 
sound and complete unification algorithm. 3252 
sound and 
relatively complete Hoare-like system provmg 
partial correctness, 592 
strongly complete, 582 
sound 
category-theoretic framework, 1321 
for proving entailment, 1068 
Hoare-like logic, 368 
logical rules. 3077 
predicate transformer semantics, 2805 




simple loop checks, 1605 
soundness. 195,556.565,931, 1605, 1665, 1685. 
1752. 1761, 2044, 2048, 2064, 2126. 2330. 
2331.2439.2449,24X0,2571,2806 
soundness and completeness, 1237, 1305, 1387, 
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1440, 1742,3382 
for SLD-resolution, 1309 
soundness and completeness of 
ALNA, 794 
CLSD-resolution and negation-as-failure, 1337 
Hoare logic, 2845 
SLD-resolution, 1548 
temporal logics, 3525 
soundness 
F--, 878 
of subtyping, 3299 
soundness of the 
intersection type discipline, 878 
rule of adaptation, 508 
soundness of typechecking, 3299 
source, 2291.2588.2656.3302 
graph, 3254 
meanings, 3 18 
symbol, 2543 
memoryless -, 2716 
sources in AC?, 3302 
SP (shortest path), 2006 
SPI graphs, 3238 
space and reversal 
constructible function, 3346 
trade-off, 632 
tradeoff theorem for -, 632 
space and time equivalent, 493 
space bottom-up pattern-matching algorithm, 2068 




~-ATM’S, accepting powers of -, 537 
space bounded alternating 
on-line Turing machines, 828 
Turing machines, 518 
space bounded 
automata, 333 
classes of Turing machines, 525 





space bounded Turing 
machines, 47, 220 
machine, linear -, 525 
space bounded two-dimensional Turing machines, 
537 
space bounds, 518,828 
on alternating Turing machines, 518 
space complexity, 50, 184, 322,419,427,431,616, 
6247935,988, 1055, 1099, 1284, 1378, 1540, 
1690, 1708, 1769, 1770,2004,2277,2381, 
2395,2400,2696,3098,3173,3411 
class, 747 
space complexity classes, 401, 773, 1642, 1790 
for symmetric Turing machines, 401 
space complexity 
classes, nondeterministic -, 401 
sequential -, 2475 
survey of -, 2004 
space 
constructibility, 1500 
consumed by sorting, 855 
consumption, 2277 
cost, 2424 
data structure, 2291 
depending, 2693 
efficiency, 3487 
efficient algorithm, 2737 
function, 1390 
hierarchy theorem, 220 
invariants, 3084 
exponential -, 468 
Iog$t), 57 
logn-,41, 123 
(logn)i -, 14 
n’- 157 
nlogne.89 
space of conditional probability measures of infinite 
traces, 2920 




runs of a finite automaton, 3272 
Scott topology, 672 
strict continuous functions, 1323 
total functions, 325 
updates, 3688 
space 
optimization result, 2277 
P-- complete, 180 
quadratic loss of -, 2699 
requirement, 2137 
requirements of the solvable pathe system 
problem, 5 18 
solutions, 2676 
usage, 232 
space-bounded, 242 1 




complexity classes, 1613 
computations, 2699 
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halting problem, 3 104 set, 1837 1734, 
oracle machines, deterministic polynomial -, 308 sparse oracles, 1.531, 2054 
relative computation, 117 sparse polynomials, 608, 691 
synchronized alternating Turing machines, 1790, over finite fields, 3103 
1835 
space-bounded TM simulations, 1281 
of one-way conglomerates, 1281 
space-bounded 
TM’s, 1281 
Turing machines, 861 
space-constructible, 25 11 
function, I269 
space-efficient algorithms, 23 11 
space-filling curves, 3461 
space-model, evolving -, 1366 
space-optimal solution, 347 
space-reversal complexity measure, 1189 
spaces 
dominating -, 2630 
effectively given -, 581 
Euclidean -, 2614,262l 
generalized -, 2151 
k-label -, 2612 
spaces of 
meanings, 1792 
SOhtiOnS to systems of set constraints, 3272 
spaces 
ordinary -, 2994 
To -, 581 
zero-dimensional -, 2525 
space-time 
bound, 34 11 
complexity classes of Turing machines, 525 
diagrams, 730 
space/time tradeoff, 2068 
span-l, 2087 
functions, 2087 
spanning tree, 1207, 2597 
problems, 3467 




nodes, row of -, 2443 
sparse, 1712 
binary numbers, 608 
digraphs, 3267 
graphs, 3267 
hard sets, 2163 
linear systems. 3092 
matrices, 608, 1208 
matrices, eigenvalues of -, 608 
matrix, 3092 
multivariate polynomials, 1578 
sparse oracle, 1734, 1837 
sparse 
reduction classes, 3014 
resultant, 2529 
set, 675 
set,y-reducible to a -, 530 





sparse tables, 1712 
sparsity, 1706 
spatial 




query decomposition, 3150 
structure, 798, 1407 
SPDL (strict propositional dynamic logic), 1627 




special circuits, 739 
special classes of 
biprefix codes, 694 
DPDA’s, 618 
regular events, 678 
special functions, 1470 
special start 
vertex, 2141 





of hypotheses, 196 
specialized residual program, 843 
specializing, efficiency of -, 2746 
specially-structured e-ccc, 1201 
species, 2240,225 1 
molecular -, 2248 
specifiability of 
data types, 159 1 
projections, non-finite -, 772 
specifiable functors, 2879 
specifiable ID 
families, 772 
finitely -, 772 
specifiable sets of morphisms, 1017 
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specification, 612, 615, 1017, 1195, 1277, 1407, 
1416, 1424,1483,1783,3618 
algebras, 1828 
and verification of modules, 414 
abstract algebraic software -, 595 
algebraic -, 3202 
assumption/guarantee -, 3271 
specification by 
a finite set of samples, 1695 








initial algebra -, 843 
language, 414, 1068, 1621.2879 
language, first-order -, 358 
languages, 603, 1666,2033,2481,3524 
specification languages, 
algebraic -, 555 




mechanisms based on initial algebra semantics, 
974 
specification method, 542, 1543.2066 
for algebraic data types, 542 
specification models, 2179 
specification morphisms, 555, 3642 
specification of abstract 
data types, 673 
dynamic-data types, 3378 
specification of 
algebras, 1082 
concurrent systems, 3195.3271.3611 
distributed systems, 3432 
documents, 3809 
functions over document types, 3809 
mixed stochasticlnonstochastic systems, 2929 
modules, 414 
nonclassical equality-test data types, 1443 
specification of parallel 
SIMD languages, 33 16 
transactions, 1424 
specification of 
partial higher-order algebras, 1082 
priorities, 1780 
probabilistic algorithms, 2920 
programs, 3428 
queues, 3459 
software systems, 3208 
temporal behaviors, 3611 
specification of the 
Qu-Prolog unification algorithm, 3318 
temporal character of a program, 269 
specification of 
time critical processes, 1114 
timed processes, 3610 
specification 
problem of abstract data types, 159 
program -, 3077 
property, 1272 
statement, Morgan’s -, 3001 
styles, 1666 
timing -, 3369 
transformations, 2438 
transformations, correctness of -, 2438 
specification-oriented semantics, 2484 
specifications, 830, 851, 1306, 1312, 1407, 1425, 
1439,1441,1484,1489,1543,1544,1550, 
1557,1586, 1591, 1600, 1619, 1621, 1639, 
1666, 1678, 1739, 1744, 1750, 1782, 1791, 
3248,3375,3378,3561,3624 
algebraic -, 417, 548, 696, 830, 843, 884,974, 
2046,2129,2154,2187,2372,2577,2644 
behavioural -, 2577 
correctness of -, 673 
data type -, 2049,2644 
equational -, 595 
Estelle -, 2179 
graphical -, 2067 
higher-level -, 2798 
implicit -, 542.2194 
incomplete -, 2154 
independent, 2577 
logical -, 2067 
modal -, 2 194 
observational -, 2644 
specifications of data 
abstractions, 414,591 
types, loose -, 978 
specifications 
of modules, 1557 
*complete -, 843 
recomplete initial algebra -, 2372 
operational semantics of -, 673 
parameterized -, 2577, 3208 
parametrized -, 555, 986 
specifications, partial 
conditional, 2880 
higher-order -, 2880 
specifications, 
prelpost -, 2379 
primitive operations on algebraic -, 830 
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recursive -, 2352 
representable program -, 2881 
safety -, 2 190 
set of -. 3046, 3047 
specifications, structured -, 884, 3375 
algebraic -, 830 
specifications 
transformations of -, 830 
transition system -, 2271 
validity of -, 2267 




asynchronous probabilistic systems, 3258 
concurrent systems, 1783 
Specker, theorem of -, 39 
spectra, 586 
generalized -, 3053 
spectra of 
sentences with one binary predicate, 3053 
the Perron-Frobenius operator, 1232 
spectral 
analysis of stochastic matrices, 3839 
characteristics of transfer operators, 3659 
expansion, 2386 
spectrum, 2377,2389 
linear time-branching time -, 3389 
spectrum of a 
Horn sentence, 1546 
sentence, 3053 
spectrum of complexity classes, 537 
of ASPMHFA’s, 718 
spectrum of reductions. 586 
speech recognition, 1205 





mod k counter, 1616 
modules of data flow machines, 764 
speeding up 
dynamic programming, 1205 
subtree replacement systems, 223 
speed-up, 821, lO83,2515,2562,3414,3415,373O 
index, 2515 
linear -, 557 
of large-size applications, 3730 
speed-up theorem, 1774,2264,3 104 
operator -, 3004 
speed-ups, 1559 
Spehner’s theorem, 768 
spell checker, 3809 
Spencer, 17 I9 
Sperner and Erdos. 426 
Sperner-Erdiis problem, 426 
Sperner’s lemma, 1527 
spherical St-graphs, 229 1 
SPIKE (prover for validation and specifications). 
3208 
splicing systems, 3284 
split 






properties of the lattice of NP sets, 502 
transitions, 1451, 1780 
SPMHFA (simple multihead finite automaton), 7 18 
SPP. 3303 
Sprague-Grundy function, 1418, 3671 
SProc category of Abramsky. 3437 
spurious data, 3076 
SQL(query language), 2792, 3547 
aggregate functions, 3547 
SQL-like language, 3335 
square 
factors, 1767 
graph isomorphism problem. 2395 
grids, 3740 
root algorithm, 475 
roots modulo a prime, efficient deterministic 
algorithm for finding -, 475 
space algorithm, 468 
tapes, class of sets of -, 507 
with respect to a commutation relation, 1514 




complement, infinite -, 962 
squarefree DOL languages, 326 
infinite -, 326 





infinite arrays, 642 
morphism, 383,743 
squarefree morphisms 
effective characterization of -, 383 
sharp characterizations of -, 383 
squarefree 
sequences, infinite -, 383 
string, 465 
squarefree word problem, 1354 
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infinite -, 1354 
square-free words, 783, 1310, 1354, 1514 
squarefreeness of words, morphisms preserving -, 
383 
squares in a 
Fibonacci string, 3344 
string, 3344 
squeleton-preserving, 1832 
Squier, 2752, 3700 
SRL (set-based database language), 2921 
s-t planar network, 2234 
stability, 798, 1069, 1603, 2075, 2113, 2150, 2627, 
265 I.2662 
checking -, 2797 
comparator-network -, 2475 
conditions, 601 
definition of -, 2662 
for queues, 1013 
stability in 
group automata, 1494 
L systems, 489, 573 
stability of 
biological schemes, 32 
sorting, 11 
systolic automata, 1069 
stability 
property for sorting, 11 
order-theoretic characterization of -., 2150 
stable 




domain theory, 3435 
event structures, 3061 
dcpo, category of -, 2587 
stable families, 118 1, 2340 
of behavioural equivalences, 118 1 
stable 
family of preorders, 118 1 
functions, 1728,2150,2151, 2753, 3132 
function space, 2150.3 132 
functors, 2340 
internal states, 3107 
languages, 489 
stable marriage problem, 2426 
man-optimal -, 2475 
stable 
marriages, 2426 
model semantics, 2040, 2797, 3392 
model, ground -, 3 148 
stable models, 2058. 2797, 3207 
of logic programs, 2850 
stable neighbourhoods, 1728 
stable ordering, 2008 
stable power 




queuing systems, 2075 
semantics, 2058.3148 
trace automata, 3832 
transitions, 2627 
transitions, existence of -, 2627 
stable-stable assumptions, 2720 
STACK, 2065 
stack 
alphabet size, 1644 
automata, 236, 825, 861 
fragments, 3807 
implementation, 2378 
machine, 3 18 
pebblings, 395 
register machines, 3186, 3251 
semantics, 2378 
symbols, 373 
tree automata with a, 773 
uniform strict deterministic languages, 445 
stack-based computations, 3807 
stack-machine, 1067 
stack-resetting two-way deterministic pushdown 
automata, 861 
stacks, 671, 791, 1103, 1195,2056,2178,2261, 
2285.2378 
checking -, 773 
stack-sorting, 2261 




staged planar networks, 2023 
stages, intermediate -, 2378 
Staiger, Wagner and -, 840 
standard automata, 2110 




bisimulation equivalence, 2632 
bisimulations, 2632 
class constructions, 2049 
complete sets, 2457 
cycle, 2257 
definitions, 2013, 2075 
formalisms of recursive programming, 759 
forms of systems of ODE, 3 117 
framework, 2612 
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functional algorithms, 2580 
interpretation, 1127 
interpretations, 1365 
locally catenative L scheme, 1563 
m-ary method, 2463 
method, 2463 
ML of Milner et al., 2957 
morphisms, 3695 
multiset ordering, 1264 
nonuniform circuits, 2489 
object creation, 2790 
operational classification criteria, 2413 
standard path, 2023 
compression, 2252 
standard 
performance measures-processing power, 2385 
polynomial hierarchy, 2489 
problems, 2761 
program-analysis techniques, 2620 
program size complexity, 500 
programming, recursion in -, 880 
Prolog fixpoint semantics, 949 
pure Prolog, 1548 
relational database systems, 1375 
representation, 2118 
scheduling algorithms, 2466 
search algorithm, 2717 
semantics, 361, 1127, 1220, 2607 
SGML -, 2303 
sigmoids, 2523 
Sturmian words, 35 1 I 
substitutions, 2763 
tableau methods, 2477 
temporal logic, 3525 
tensorial fragment, 3257 
test, 2037 
texts, 2449 
theorems for networks of queues, 470 
theory, 2056 
translation via binary encoding, 413 
standard tree, 3304 







theorem, 9, 1010 
theorems, 1308.2035 
standardizing, role of -, 2449 
standard-path 2 x 2 switching networks, 2023 
Standish et al., 256 
Stanford LCF proof checker, 103 
Stanley characterization of CFL’s, Chomsky and -, 
867 
Stanley’s homomorphic characterization of 
context-free languages, Chomsky and -, 706 
star closure, 3179 
star degree, 1432, 1658 
two, 1432 
star 
degrees, 180 1 
equation, 778 
event property, 1061 
height, 1694, 2079 
Kleene -, 478 
normal form, 2303 
operation, 256, 1472 
operation, Kleene’s -, 141 
operation on languages, 142 
star operator, 1468, 1658, 3036 
star operator of degree 
(2, 1). 1658 
two, 1432 
star operators, 1801 
star-discrepancy, 2342 
star-free 
is recursively solvable, 3301 
language, 1118 
star-free languages, 52, 850, 1568, 1667 
of finite words, 1568 
on infinite words, 1568 
star-free 
@regular languages, 3428 
rational relation, 3301 




star-free sets, 273, 850 
of integers, 850 
star-free trace languages, 1806 
star-height 1, 278, 3309, 3296 
1, regular expressions of -, 278 
mjnimal -, 596 
star-height of 
a regular prefix-free language, 596 
N-rational series, 3309 
star-height problems, 596 
for regular trees, 596 
star-height-problem, 278 
star-like systems, 3389 
star-normal form, 2303 




fixed - time scheduling, 2465 
starvation-free solution. 486 




complexities, 2287, 2396 
component stochastic systems, 563 
CSS plant -, 2627 




state minimization, 786 




single -, 2235 




stochastic system, 563 
trajectory, 2625 
transformations, 2637 
phenomenon of - changes in LP, 2532 
state transition, 1190 
diagram, 2582 
state transitions, 942 
in finite automata, 942 
state 
values, 2300 
variables, 1068, 1308 
state-based concurrent programs, 3528 
statecharts, 2012 
compositional axiomatization of -, 2012 
state-complexity, 3336 
state-complexity of 
an SBTA-language, 3336 
regular languages, 3336 
state-homomorphic image, 2740 
state-independent automata, 832, 1771 
characterization of -, 832 
state-labelled structures, 2192 
framework of -, 2192 
stateless 
DPDA’s, 295 
queue automata, 1595 
statement, 2376 
state-oriented specification, 2046 
style, 1666 
states 
global -, 2013,2132 
hierarchy, 216 
home -, 2007 
labeled with formulas, 3455 
minimizing -. 2458 
prescribed viability set of -, 2625 
quiescent -, 2634 
reachable -, 2193, 2634 
structure of -, 2028 
universal -, 2213, 2393, 2421 
Win/Loss -, 2775 
state-space, 1473, 2621 
state-transition diagrams, 2012 
static 
allocation policy, 2383 
arrangement, 2122 
correctness, 3027 





process calculi, 3265 
properties of machines, 2990 
relational semantics, 1629 
scope rules, 1760 
semantics, 1307, 1674 
serializability testing, 1759 
task-tree scheduling, 3482 




statically detectable errors, 1674 
station types, 2387 
stationarity, 1746, 3151 
stationary 
automaton, 832 
deterministic flows, 470, 1013, 2075 
stationary w-words, 888 
representations of -, 888 
stationary 
processes, finite -, 3099 
propertiesof networks of queues, 470 






statistically convincing, 1573 
statistics, 2240, 2246 
of diagonal continued fractions, 1229 
of graph grammar languages, 3 143 
time-dependent failure -, 2388 
Statman, 999 
theorem of -, 2041 
status 
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STBA (systolic binary array automaton), 3336 
steady-state probability distribution functions, 2385 
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and Hunt, 2788 
Rozenkrantz and -, 95 
Stefanescu, Cazanescu and -, 1825 
Steiner tree problem, 1028, 3294 
step 
bisimulation equivalence, 2649 
function, 102 I 
functions, 299 I 
sequence equivalence, 1482 
Stepanov, 127 
steps 
CRCW-PRAM -, 2 118 
synchronous -, 2436 
unfolding-definition-folding -, 2681 
stepwise 
behavior, 1856 
development of specifications, 1306 
refinement, 417, 548 
stepwise refinement of 
software systems, 548 
structured programs, 417 
Stern, 1643 
Stern-Brocot numbers of nodes in a complete binary 
tree, 3304 
Steve’s classes SC,, SC,, 2616 
Steyaert, Flajolet and -, 379 
St-graphs, 1156 
Stickel, 1036, 1729 
Stiefel-Whitney classes, 2260 




Stirling numbers, 2247 
STM’s, 2003 
St-numbering, 45, 82 
algorithm, 927 
in graphs, 927 
stochastic 
assumptions, 470, 2075 
automata, 1653 
context-free grammars, 3550 
dominance, 3463 




integrals, 3 142 
languages, 43.2949 
matrices, 3839 
method for verifying compositeness, Rabin’s -, 
176 
optimization, 3839 
primality testing, 176 
process, convergent -, 1370 
stochastic processes, 2455 
theory of -, 2455 
stochastic rule, 2718 
stochastic systems, 563, 796 
calculus of -, 2929 
decomposition of -. 563 
stochastically costed tree automata, 2949 
Stockmeyer, 89, 180,226,3068 
construction, 228 
type. 228 
Chandra, Kozen and -, 1050, 1155 
Stolfi, Guibas and -, 1452 
Stone algebras, 3536 
Stone dual, 264 1 
characterization. 2038 
Stone representation theorem, 1847 
stop-failures, 3127 
storage 
allocation, 2 I48 
bounded in -, 964 
cells, random access -, 370 
devices, 1355 
efficiency, I5 18 
heads, 665 
hierarchies, 583 
internal -, 263 
locations. fixed number of local -, 284 
management 2469 
medium, 773, 1129 
multidimensional -, 407 
operators. 2446 
organization. 3 126 
pushdown as -, 831 
redundancy, 3235 
storage requirements, 2311 
of evaluation, 282 
storage 
sharing. 395 
selecting and sorting with limited -, 263 
sorting wth limited -, 263 
storage space, 427 
for information retrieval, 61 
storage 
tape, 1054, I103 
theorems, 2446 
types, 2134,2178 
stored programs, 2805 
orthogonal to procedures and parameter passing, 
288 1 
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storing, 2655 
Stoughton’s completion technique, 3029 
Stoy, 601, 1417 
Strachey, 274, 1312 
and Wadsworth, 274 
Scott and -, 274, 1417 
Strachey’s map-list, 13 12 
Strachey’s parametric polymorphism, 13 12 
syntax for -, 1312 
Strachey’s parametricity, 1312 
semantic approximations to -, 13 12 
Strahler number, 183 
straight 
drawings, 1156 
line program, 282 
lines, 2215 
straight-line model, 1130 




programs, 1012, 1132 
segments, 2215 
Strassen, 66, 167, 262 
and Lipton, 145 
Solovay and -, 250 
Strassen’s algorithm for 
matrix products, 137 
multiplication of matrices, 262 
Strassen’s 
degree bound, 66 
theorem on the substitution method, 204 
strategies, 3099 
building -, 2280 
common recovery -, 2795 
complete theorem proving -, 2685 
cooperation -, 2547 
deterministic -, 557 
efficient sampling -, 2228 
evaluating scheduling -, 2466 
strategies for 
dealing with non-Horn clauses, 1460 
winning generalized Wythoff games, 577 
strategies 
inference by deterministic -, 557 
Markov -, 2461 
strategies of substitution, 
global -, 3042 
local -, 3042 
strategies 
online repair -, 2441 
optimal repair -, 2386 
passing -, 2746 
uniformizing -, 2663 
winning -, 2078,2117, 2142, 2359 
strategy 
counter machine -, 1262 
game of -, 2140 
of Kennaway, 3244 
stratifiability, 2058 
stratifiable logic programs, 1453, 1454 





hypothetical rulebases, 1422 
least fixpoint logic, 2479, see also SLFL 
stratified logic programs, 2006, 2479 
expressibility of -, 2479 
stratified 
programs, 1608, 1796,2034,2298,2746 




stratifying programming languages, 3808 
Straubing, 1253, 1693,2050, 2353.3497 
Barrington, Immerman and -, 1465 
Straubing’s hierarchy of aperiodic monoids, 2353 
Strauss, Allender and -, 3420 
stream objects, 1602 
stream processing 
functions, 875 
language, deterministic -, 650 
stream 
program extraction theorem, 2331 
programming operators, 1095 
types, 2332 
stream-based concurrent programs, 2332 
stream-generating functions, 1339 
streams, 2049, 2331, 2332, 3202 
equations for -, 875 
extensional equality of -, 2331 
of substitutions, 1604 
Street, Dubuc and -, 1312 
Streett’s conjecture, 1159 
strength, 2 184, 2364 
deductive -, 2295 
functorial -, 2637 
of sequential components, 579 
of temporal proofs, 1495 
strengths of reductions, 420 
strict 
binary codes, 3034 
continuous functions, 1323 
deterministic grammars, 126, 334 
strict deterministic languages, 219 
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propositional dynamic logic, 541 
vs. LL(k) grammars, 471 
strict 
evaluation, 1125 
filter3i model, 2015 
function spaces. 2588 
strict hierarchy, 1461, 1614 





morphisms of transition systems, 1128 
@chain, 482 
programs, 2058 
propositional dynamic logic, 1627 
real-time DPDA, 1200 
subset, 1316 
strict type assignment, 2015 
system, 20 15 
strict types, 2015 
strict/general interpretations, 2164 










strictness, 1796, 2058, 2316 
strictness analysis, 1065 
of functional programs, 1065 
strictness 
of IO-like hierarchies, 416 
properties, 23 16 
string, 1157 
block edit distance, 3470 
comparisons, 2037 
contraction of a -, 500 
covers, 3255 
distance functions, 1714 
embeddings, 466 
embeddings, periodicity of -, 466 
grammars, 423, 982 
string language 
approach, 53 1 
theory, 1135 
string Languages. 53 1, 1586,2459 
generators of -, 53 1 
string matching, 1087, 1382, 1641, 3470 
algorithms. 3078, 3297 
algorithms. efficient -, 497 
Baker’s theory of parameterized -, 2904 
efficient -, 848 
machines, 497 
problem, 497 
problem, approximate -. 1382 
with mismatches, 998 
with weighted errors, 1382 
string, normal form of a -, 683 
string of parentheses 
testing a, 767 
well-formed -, 767 
string of quantifiers, 436 
string 
pattern matcher, 2662 
prefix-matching problem, 2618 
rewrite system, 3535 
rewriting systems, 728 
string searching, 1712 
algorithms. 1704 
string 
suffix tree of a -, 458 
with brackets, 548 
string-based formalism, 1702 
string-encoding, 2501 
string-matching, 1705, 1711, 1714, 2756 
string-matching algorithm, 1705, 1709, 2756, 3006 
Crochemore-Perrin -, 3006 
Knuth-Morris-Pratt -, 2158 
lmear -, 683 
string-matching algorithms, 1710, 1711 
string-matching 
linear-time -, 284 
problems, 1707 
time-space efficient -, 2756 
string-rewriting systems, 1263, 2062, 2549 
confluent monadic -, 2 180 
string-rewriting systems, finite -, 1274 
canonical -, 1274 
monadic -. 2 180 
string-rewriting systems modulo partial 
commutativity. finite -, 1263 
strings, 2118, 2121, 2170. 2269, 2283, 2286, 2287, 
2294.2391,2420,2456,2459,2564,2581. 
2608, 2667, 2734, 2738 
as real numbers, interpretations of infinite -, 480 
collection of -, 2118 
finite set of -, 2391 
infinite -, 2406 
k-power free -, 465 
learning -, 2294 
left to right orientation of -, 423 
list of -. 2456 
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stripe 
context-free picture languages, 2051 
linear picture languages, 2051 
picture languages, 711, 1380 
strip-packing problem, 3484 
strong adversary, 2 122 
Strong and Wagner, 239 
strong behaviors, 1195 
strong bisimulation, 3059, 3432, 3685 
congruence, 3797 
equivalence, 2194 
Milner’s axiomatization of -, 2919 
strong bounds, 2089,2765 
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code, 3 179 
codes, 2111 
codings, 2784 




completion, two-valued -, 2058 
comprehension properties, 3028 
strong conjunction, 1678 





equalities in partial algebras, 2880 
equivalence, 535 
ergodicity, 3839 
expressive power of subtypes, 1201 
extreme fairness, 2152 
fairness, 1829, 2152 
finite model property, 3693 
finiteness condition, 2150 
generalization of primitive recursion of higher 
type, 3374 






iteration properties, 487 
k-deletability, 834 
laws, 2718 
maximal codes, 2111 
monad, 3382 
monoid recognizability, 2540 
monotonicity in language learning, 2918 




strong normalization, 1158, 1301, 1552, 2689, 3204, 
3324.3580 
for the polymorphic lambda calculus, 1552 
result, 2321 
strong 
NP-completeness, 249, 3306 
NP-complete problems, 249 
polymorphic typing, 2957 
polynomial-time reducibilities, 1638 
Prolog fixpoint semantics, 949 
strong pumping lemma, 73 
for context-free languages, 73 
strong 
receiver-verification sequences, 788 
reduction, 2100 
relationship, 2582 
reduction, capturing -, 2100 
strong relative incompleteness, 769 
conditions for -, 769 
strong representation theorems, 1061 
strong restriction, 685 
of paramodulation for locking resolution, 685 
strong satisfiability, 1742 
strong semantics, 949 





simply-combinable structures, 3683 
surjectivity, 386 
testing equivalence, 1499 
time bounds, 1381 
type-forming functor, 2637 
surjectivity, conditions for -, 386 
STRONG-ASPACE. 2421 
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component, 8 I 
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strongly 
deterministic soliton automata, 1585 
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linear programs, 1426 
locally testable semigroups, 3041 
noncircular recursive program scheme, 360 
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relation, 3042 
strongly 
normalizing, 1552, 3374 
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grammars, 47 
structural equivalence queries, 1428 
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2583,2745 
proofs by -, 195 
theorem, 2583 
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recursive schemata, 595 
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restriction, 2501 
results, 2089, 2139 
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synthesis, 1342 
theorem, 3496 
theory of subtypes, 1373 
transformations, 1166, 2133 
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solution algorithms, 280 
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the satisfiability problem, 1289 
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equal conflict systems, 3065 
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structured 
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fair derivations, 2645 
flowchart schemes, 192, 363 
form, 2534 
logic programming, 1414 
matrices. 3233 






specifications, 884, 3375, 3378 
structured syntax, 361 
of dynamic logic, 361 
structured 
theory of subtypes, 1373 
tokens, 1489 
transformation, 2130 




independence -, 2563 
specification of -, 2047 
structures 
algebraic -, 2028,2345,2428,2448 
binding -, 2159 
classical -, 2597 
continuous -, 2038 
deterministic transition -, 2410 
event -, 2016,2196,2263,2299,2338,2634 
extended applicative type -, 2324 
graph-theoretic -, 2133 
infinite -, 2222 
mathematical -, 2047, 2229 
metalevel -, 2096 
monoidal closed -, 2203 
nonassociative -, 2088 
observation -, 2192 
pre-applicative -, 2689 
relational -, 2001,2129 
semantic -, 2689 
species of -, 2240 
state-labelled -, 2192 
symmetry of -, 2240 
unordered -, 2791 
with strong comprehension properties, 3028 
StNCtUIing 





sturdiness property, 2625 
Sturmfels and Pedersen, 2529 
Sturmian 
infinite words, 1231, 3695 
morphism, 3695 
morphisms, 3256 
sequences, 1346,3 165 
Sturmian words, 1532, 1659,2599, 3018,3304,3511, 
3695 
combinatorial properties of -, 2599 
stuttering, 3428, 3611 
equivalent, 1123 
stuttering-closed languages, 3428 
style 
computational -, 2792 
Hagino-Wraith -, 2637 
top-down -, 2263 
typical logic programming -, 2061 
subaffine complexity function, 2948 
subalgebras, 712,2187 
isomorphisms, 2641 
subarrays, embedded -, 497 
subbehaviour, 750 
subcategories, 2272 
Cartesian closed full -, 1323 
full -, 1323 
subcategory of observations, 3621 
sub-CCC, 2950 
subcircuit, 1086 
subclass containment problems, 618 
for special classes, 618 
subclass of 
FIFO nets, 688 
w-nonsingular DPDA’s, 618 




definition of -, 2094 
subclasses of 
automata, 825 
CTS systems, 725 
ETOL languages, 21 
@regular languages, 889 
P, 518 
PHCF, 916 
pushdown acceptors, 505 
recursive real functions, 607 
semigroup automata, 832 







product of subdirectly irreducible algebras, 1847 
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sub-division rings, 1813 
subdomain, 2270 
subexponential - minimal pair, 315 
subexponential complexity, 29 
minimal pairs of polynomial degrees with -, 29 
polynomial degrees with -, 29 
subexponential time, 29 
bound, 2668 




subexponential-time-computable set, 2219 
subfamilies, 2052 
of the context-free language family, 37 
subfield subcodes of Goppa codes, 1753 
subformula property, 3 182 
subframe Iogics in Walter’s sense, 3693 
subgrammar, 3808 
subgraph, 2490,2706,2772 
biconnected -, 402 
cubic -, 2726, 2127 
full -, 228 
homeomorphism, 3478 
subgraph homeomorphism problem, 752, 1291 
for fixed graph, 752 
fixed directed -, 209 
subgraph homeomorphism with fixed pattern 
problem, 129 1 
subgraph 
isomorphic, 2027 
induced -, 354 
subgraph isomorphism, 1194,3478 
problem, 354, 1291, 3254 
subgraph isomorphism problem for 
classes of planar graphs, 1291 
outerplanar graphs, 354 
two-connected outerplanar graphs, 1291 
subgraph isomorphism 
problem, induced -, 354 
restrictions of -, 1291 
subgraph maxima1 vertex-induced -, 2772 
subgraph problem 
highest degree -, 3217 
homeomorphic -, 752 
lexicographically first maximal -, 1640 
subgraphs, 629,723 
of planar St-graphs, 1156 
subgroup, 1738 
subgroups, 52, 100,623,636 
infinitely many isomorphic proper -, 329 
sublanguage of closed terms, 2993 
sublattice P of NP, 502 
sublinear, 17 IO 
algorithms, 2082 
complexity, 567 
number of processors, 3093 
parallel algorithm, 2082 
query time, 968 
sequential storage, 2565 
space, 3006 
sublocation relation, 2799 
sublogarithmic 
number of processors, 3093 
time. 3093,3415,3729 
submodel, 733, 950 
submodular Boolean functions, 3404 
submodule construction as equation, 1292 
submodules, 1292, 2258 
interacting -, 1292 
submonoid, 504,2072,2551 
finitely generated -, 768, 2567 
inverse image of a -, 1383 
ordinary -, 2113 
zigzag -, 2113 
submonoids, 744, 1160, 1611 
of free partially commutative monoids, 1611 




path lengths, 2656 
paths, 2656 
suborders, 3405 
SUBOUTISOM (subgraph isomorphism problem for 




subprocedure, suffix-prefix matching -, 2517 
subpseudovariety, 2550 
sub-PTIME computable, 3387 
Subrahmanian, 3330 
Blair and -, 1727 
subrecursive analog, 50 
of Rice’s theorem, 239 
subrecursive classes, 239 
honest -, 29 
indexings of -. 239 
subrecursive 
indexing, combinatorial power of -, 239 
indexings, 239 
indexings, properties of -, 239 
storage medium, 773 




subsemigroups of free semigroups, 3512 
subsequence 
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embedding relation, 55 1 
graph of a text, 1466 
subsequence order, 2287 




subsequential functions, 114 
equivalence kernels of -, 907 
subsequential suffix transducers, 876 
subset 
tiring sequences, 53 1 
infinite P -, 502 
languages, 53 1,538 







closed -, 2622 
dense open -, 2154 
of N, set of -, 523 
polyhedral -, 2621 
subshift of finite type, 3228 
subshifts, 1272, 12962341.2525 
of finite type, 1296,2996 
subsort 
inclusions, 2065 
relations, 1660, 1739 
subsort-meet closure assumption, 3587 
subspace of the rule space of CA’s corresponding to 
NN’s, 3253 
subspaces of projective space, 1203 
subspecifications, 1639 
SUBST (rewriting system), 900 




substitution grammars, 341 
selective -, 735, 774 
substitution 
instance, 1741 
lemma, 293, 1134 
nonerasing finite -, 390 
operation, 2100 
operations, 33 18 
substitution property, 563 







substitution-closed full AFL, 1650 
substitution-method, 204 
substitutions, 293, 296, 903, 952, 1226, 1236, 1241, 
1311, 1409,1489, 1549, 1604, 1712, 1815, 
2096,2097,2342,2379,2557,2593,2615, 
3226,3265,3340 
explicit -, 2334 
idempotent -, 2369 
matching -, 2037 
non-ground -, 3148 
of the h-calculus, 900 







cancellation of -, 2420 
maximal quasiperiodic -, 2286 
substructure 
of an access structures, 3003 
ordering, 195 
subsumption, 685, 1157,2037 
definition of -, 2037 
method, 2037 





equivalent -, 768 
SLp of CCLpq SP, 1236 
subsystems, 2639, 2765 
ergodic -. 2350 
of CCL, 1236 
subtask, 2729 
subtasks of code generation, 1374 
subterm, 681, 3123 
property, 3385 
subterms, 2175, 2573 
ordering, 2062 
subtheory, 733, 1314 
with iterate, 806 
subtraction, 262, 2524 
games, 2775 
modified -. 3178 
RAM with -, 566 
subtree, 1225 
replacement systems, 223 
subtrees, 1832, 2424 
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subtypes, 1201, 1373,2371,2639,3374 
subtyping, 1553, 1622, 3299, 3648 
subword, 13 10 
adherence, 918 
complexities, 5 
subword complexity, 326, 2305 
subword complexity of 




partial order, 18 11 
topology, 918 
subwords, 746,784,864,876,918 
properties of -, 918 
success 
criterion of -, 2609 
pattern, 2370 
patterns in logic programs, 669 
SUCCESS problem, 3296 
success 
ratio, 2609 
set, 1604, 1608, 3296 
successful 
inference, 3095 
infinite derivations, 498 
search, 1592 
team, 2609 
succession, 27 18 
successive approximation, 1386 
successor 
cardinalities, 2803, 2951 
logic, 1572 
marking, 2007 
relation, 2002, 2006 
succinct 
final hypothesis, 243 1 
representation of regular languages by Boolean 
automata, 283, 745 
succinctness, 506, 533, 3095, 3322 
in dependency systems, 506 
succinctness of 
coding finite sets, 3095 
descriptions, 3336 




set of invariants, 3058 







suffix tree, 458 
suffix tree of a 
string, 3520 
tree, 3520 
suffix trees, 1641,2487, 2904 
suffixes, 2 170, 2287 
suftix-prefix matching subprocedure, 2517 
suitability of trace semantics for modular proofs, 761 
sum, 1668, 1825 
construction, 662 
direct -, 2801 
domains, 1440 
of pattern sequences. 18 17 
operator, 1193 
SUM queries, 624 
sum 
weighted -, 2613 
worst-case -, 2778 
summation modulo a semigroup, 3186 
sums, 2030,2095,2123,2153,2711 
of games, 1696 
digital -, 2356 
harmonic -, 27 11 
S-unimodal systems. 2525 
super 
exponential algorithms, 2469 
Turing theories. 3289 
supercompiler, Turchin’s -, 3276 




depth. 2, 63 1 
indegree two, N--., 454 
superconcentrators, 454 
of indegree two, 454 
size bounds for -, 454 








pattern character, 1510 
text character, 1510 
variables, 229 
superincreasing vector, 1645 
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superlinear deterministic top-down tree 
transformations, 3534 
superlinear lower bounds, 1239 
large -, 870 
superlinear 
number, 2362 
period lengths, 2775 
tree transformations, 3534 
supemet, 478 
supernonsingular DPDA, 618 
acceptance by a -, 618 
supernonsingular language, 618 
superpolynomial, 1729 
complexity, 1239 
complexity classes, 1571 
lower bound, 3394 
period lengths, 2775 
power of negation, 1239 
time, 1509 
superposition, 685 
on equational clauses, 685 
operators, 2481 
oriented theorem prover, 685 
superpositions, 2683,2711, 3255 
supersequence 
problem over binary alphabet, shortest CI 
-, 336 
problems, 239 1 
superset topology, 2288, 2762 
superstring, 2564 
common -, 2391 
longest consistent -, 2695 
problem, shortest -, 3051 
superstring, shortest -, 2564 
consistent -, 2695 
superstrings, 3051 
superterse, 3090 
, p--, 1.581 





computation of -, 2773 
permissive -, 2773 





model semantics, 2040 
update operations, 1389 




preservation of -, 849 
surface deduction, 2295 
deductive strength of -, 2295 
surface tree languages, 25 
surfaces, 3240 
in Z3, 3416 
surjective pairing, 1236,3324 
Lambda calculus with -, 1236 
surjectivity of parallel maps, strong .-, 386 
surreduction, 1276 











elements, 1392, 1585 
functions, 48, 182 
switching functions, 
Ashenhurst decomposition of -, 48 








bisimulations, collection of -, 2632 
calculus, 1474 
capabilities of Mathematics, 3603 
symbolic computation, 2175 








systems, 857, 1227 
symbolic dynamics, 1223, 1355, 1749, 1756 
coding sequences, 3149 
of billiards, 3 I49 
symbolic evaluation, 1549 
symbolic expressions, 
domain of --, 444 
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theory of -, 444 quotients, 1626 
symbolic rewriting systems, 1354 
language, 1477 set-system, 3101 
manipulation language, 3604 single-rule programs, 1426 
mathematical computation, 2047 solutions, 668 
model-checking, 2620 space-bounded computation, 401 
reachability graph, 3213 space complexity classes, 401 
representation. 2248, 2342 traveling salesman problem, 320 
symbolic sequences, 2769 Turing machine. 401 
characterization of -, 2769 weights. 1503 
fragmentary complexity of -, 2769 polynomials, elementary -, 66 
symbolic symmetrical 
solution. 2548 bilateral restrictions, 486 
systems, 3494 transitional structure, 486 
transition graphs, 2632 transition function, 410 
symbols, 2221,2286,2377,2410,2695 
generation. 27 I6 
symmetrically compact V-continuity space, 3438 
symmetries, 2107, 2202. 2240 
discrete input -, 2623 model -, 3213 
infinite sequences of -, 639 symmetrized set of 
sequences of -, 1355 defining relations, 980 
symmetric rewriting rules, 980 
and generic solution, 964 symmetry, 907, 1498, 3434 
Boolean functions, 715. 1402 group, 1498, 2389 
cascade protocols, 788 groups, 3605 
couple of rules. 1354 In the plane, 1498 
cross-closed, 3 10 1 ofrrI.3271 
differences, 22 19, 2308 
discrete universal neural networks, 3287 
to determintsm, relationship of -, 401 
synapse dynamical system, 3026 
economical solutions, 668 
functions. 715. 937, 1853, 2247 
synapiic routing under learning. 3084 
synchro-EOL form families, 254 
symmetric Galois group, 912 
polynomials with -. 912 
synchronisation of automata with bounded delay. 
3505 
symmetric 
graph, 228, 17 16 
synchronised parallel composition, fully -. 2920 
synchronizable events. 662 
group, 1667, 2110 
groups, 1265, 1667 
synchronization, 520, 593, 1678, 1790, 2213, 2434, 
25 I 1,2545, 2988, 3432 
Hopfield net, 3220 algebra, 662 
implementation, 964 
interunit connections, 3220 
algebraic setting for -. 732 
condition, 520 
logspace, 2002 constraints, 3308 
matrices, 2.565 context-specific -, 2795 
matrices, real -, 3069 delay, 7 
symmetric monoidal disciplines, 1121 
categories, 2638 event, 662 
category, 3062, 3212 events. 3432 
closed category. 3074 
symmetric 
for communicating finite automata, 859 
guards, 1441 
name-stamp protocols, 788 mechanism, 1604, 2415, 2795 
networks, 1203 mechanisms, 593 
symmetric neural modes, 732 
network, 3287 
networks, 1503 
synchronization of linear processes, 1678 
symmetric 
synchronization of processes, 1621 
on common states, 1621 
Patricia trie, 1280 synchronization of 
powers. 2260 standard prexes. 1199 
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very pure codes, 212 
synchronization 
operators, 2634 
primitives, 173, 398, 593 
primitives, universality of concurrent expressions 









infinite families of irreducible -, 799 
irreducible -, 799 
reducibility of +, 799 
synchronization time, 287, 1692, 3414 
synchronization times of solutions, 287 
synchronization trees, 679 
coproduct on -, 662 
denotational semantics as -, 662 
isomorphism of -, 662 
observationally inequivalent -, 679 
parallel compositions of -, 662 
synchronizations, 1391 
synchronized alternating 
finite automata, 1835, 2124, 2511 
machine, 1790 
machines, 25 11 
space SASPACE, 2511 











ETOL forms, 146 
finite automata, 2213 
occurrence, 662 
processors, 730 
products of automata, 3610 
pushdown automata, 2213 
rational relations, 2106 
system, 2545 
synchronized tree automata, 2415, 3275 
decision problems of -, 2415 
synchronized type, 825 
synchronizer, 2436 
synchronizers, cellular automata 3414 -., 
synchronizing 
deterministic 2996 presentation, 





tree-connected networks, 1692 
unambiguous automata, 1141 
word, 1141 
synchronous, 2571 
anonymous ring, 1023 
behaviour, 993 
synchronous broadcasting networks, 965 
distributed algorithms in -, 965 
synchronous 
calculus, Milner’s -, 593 
circuits, 1594 
combinational switching circuits, 1682 
communication time in the leader election 
problem, 1038 
communications, 964 
communications, repeated snapshots in 
distributed systems with -, 964 
composition, 1783, 3688 
computation, 5 15 
concurrent systems, 1110 
dataflow language, 1743 
distributed machine, 627 
event structures, 2628 
majority voting, 2440 
network, 2436 
networks, 1207 
network, infinite -, 905 
parallel product, 594 
products, 947.2634 
steps, 2436 
systems, replicated -1856 
synchronously, 1819 
synchrony 
calculus for -, 5 15 
of message passing, 1766 
synonym types, 3027 
syntactic 
algebra, 1446 
analysis of languages, 98 
approach, 2011, 2312 
approximants, 490 
calculus of partially-ordered data type structures, 
882 
characterization of the least fixed point, 482 
classificaIion of functional programs, 1723 
completeness, 1373 
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syntactic congruence, 779, 1344, 2690 
for rational w-languages. 779 
syntactic congruences, 3513 
for wlanguages, 3513 
syntactic 
consequence, 93 1, 1046 





development, infinite -, 594 
syntactic equivalence, 256 
of programs. 256 
syntactic 
errors, 2283 
form. 1290, 1376 
frameworks, 1348 
hierarchy, 1844 
level, 327 1 
manipulation, 3271 
method, 542 
syntactic monoid, 273, 630,758, 783, 1118, 1253, 
1266. 1667. 2050,2550,2996, 3179,3513 
of injective automata, 630 
syntactic monoids, 52, 142 





syntactic proof, 2414 
system, 1308 
syntactic properties. 637, 727 
of formulas, 637 
syntactic 
restrictions. 2792, 2921, 3244 
rewriting paradigm, 3688 
rules, 248 I 
semigroup. 3041 
specification, 2303 
structure of sets of ancestors and descendants, 
306 
theories, 1598, 2035 
syntactic theory, 1308 
syntactic theory of sequential 
control, 1010 
state, 1308 
syntactic transformation semigroup, 433 
syntactic translation, 3502 
syntactic ts, 433 
of a finite blprefix code, 433 
syntactic type assignment, 1628 
syntactical 
abstraction, 372 
characterization, 2379, 2681 
syntactical criteria, 1359 




properties of interaction nets, 3618 
syntactically 
consistent temporal theory, 1046 
equivalent, 256 
restrtcted class, 32 13 
syntax. 260, 380, 830. 873, 1312, 1338, 1412, 1438. 
1444, 1681, 1791.2283,2631, 2792,3376, 
3809 
syntax analysis. 254 
of synchro-EOL form families, 254 
syntax 
based parallelization, 3396 
definition, 3803 
directed system, 3011 
fault tolerance of -, 2283 
for Struchey’s parametric polymorphism, 1312 
model. 1698 
syntax of a 
subset of PASCAL, 103 





dynamic logic, 36 1 
higher order lambda calculi, 1312 
LD7. 1444 
Martin-LBfs type theories, 979 
natural languages, 1650, 3055 
*languages, 1113 
polymorphic lambda calculus, 1312 
polynomial systems with operators. 98 
process specifications, 1306 
record-like terms, 882 
syntax of the 
label-selective kcalculus, 3010 
modalp-calculus, 1665 
order-sorted first-order predicate logic. 3587 
syntax tree, 83 1 
syntax trees, 1536. 3128 
of EOL grammars, 1536 
syntax-dlrected 
generalization of Owicki-Gries’s Hoare logic. 
1117 
methods. 248 
translation. 21 12 
translation, generalized -. 825 
synthesis. 1695. 2055, 2331 
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construction, 417 
synthesis of 
asynchronous ND-automata, 65 
concurrent systems, 1110 
functions, 766 
synthesis of programs, 1176 
inductive -, 894 
synthesis of programs with branching 
in loops, 894 
loops, languages for -, 894 




synthesis problem, 3422 
for elementary net systems, 3422 
synthesis procedures, 1123 
synthesis, systolic array -, 2232 












level, 2 157 
macro-states, 2385 
system of 
finite type, 1096 
group identities, 1667 
monoid identities, 1667 
operational rules, 3506 
system parameters, 2385 
system partition function, 2385 





states, properties of -, 1215 
theory, 1746, IS 16 
transformations, 829 
systematic data structure, 648 
for external file organization, 648 
systematic program construction, 3687 
systems 
abstract reduction -, 2412 
AC/E -, 2184 
actor -. 2130 
systems, asynchronous -, 2434 
parallel -, 2434 
shared memory -, 2434 
systems 
Automath-like -, 2593 
behaviour of -, 2 133 
p numeration -, 2615 
C/E -, 2184 
combinatory reduction -, 2321 
communicating, framework of -, 2179 
complex -, 2502 
computability of -, 2232 
computational -, 2455 
concurrent -, 2016,2067,2194,2332,2390, 
2505,2579,2650 
conditional -, 2232 
systems, confluent -, 2180 
linear numeration -, 2073 
semicommutation -, 2105 
systems 
constructor -, 2404 
constructor-sharing -, 2598 
continuous control -, 2623 
systems 
cooperating grammar -. 2419 
cyclic extended free-choice -, 2193 
DOL -, 2305 
D’OL -, 2760 
database -, 2536,253s. 2555 
dependable -, 2441 
design -, 2263 
distributed -, 2299, 2333 
DTOL -, 2427 
dynamic -, 2628 
dynamical -. 2347,2489,2525,2542,2621,2703 
elementary net -, 2582 
engineering -, 2385 
equational axiom -, 2743 
expert -, 2483 
extensible -, 2224 
finite monadic -, 2180 
finite-state -, 2410 
first-order reasoning -, 2159 
flat -, 2276 
free choice -, 2007 
growing -, 2305 
hard-real-time preemptive task -, 2262 
homogeneous -, 2765 
systems, hybrid -, 2628, 2620-2625 
control -, 2627 
realtime embedded -, 2628 
task -, 2262 
systems 
inference -, 2683 
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interacting -, 2625 
knowledge-base -, 2536 
large -, 2385 
systems literature, 2466 
systems, logical -, 2063, 233 1, 2407 
discrete event -, 2773 
systems 
modular -, 265 I 
monogeneous -, 2179 
multilinear -, 2529 
multimodal -, 2063 
multirate -, 2769 
natural coordinate -, 2655 
nested transaction -, 2794 
non-degenerate -, 2526 
nonlinear -, 2624 
nonlinear control -, 2623 
number representation -, 2356 
numeration -, 2073 
systems of 
inequalities, 2 10 
language equations, 3421 
meta-rules, 1667 
natural deduction, 1763 
priority queues in series, 3352 
recursive equations, 2993 
overlaying -, 2684 
systems, parallel 
communicating grammar -, 2419, 2558 
processor -. 2382 
systems 
PCD -, 2621 
polynomial - ,2529,2531,2548 
probabilistic -, 2740 
systems programming, 1669 
systems 
programming language -, 2068 
PWDOL -, 2704 
queueing -, 2720 
queuing -, 2075 
reactive -, 2012, 2190, 2535, 2648 
realtime -, 2410. 2484, 2720, 2745 
recontigurable bus -, 2304 
recursive function -, 2235 
replicated -, 2440 
rewrite -, 2321.2417, 2516, 2646, 2684 
rule -, 25 16 
RWDOL -, 2704 
semi-Thue -, 2516,2687 
sofic -, 2525 
software -, 2283, 2388 
solving -, 2526 
string-rewriting -, 2062, 2549 
S-unimodal -, 2525 
term-rewriting -, 2062, 2070, 2126 
textual markup -, 2303 
time-sharing operating -, 2466 
two-dimensional -, 2621 
systems, type -, 207 1, 2340, 2445, 2593. 2606 
assignment -, 2445 
systems 
unified -, 2143 
unimodal -, 2525 
weighted -, 2276 
systolic 
architecture. 1436 
architectures, 493, 1333 
array synthesis, 2232 
automata, 1069 
binary tree automata. 3336 
computations. 1333 
conversion theorem, 730 
computations, power of -. 1333 
systolic convolution, 1768 
of arithmetic functions, 1768 
systolic 
design, 1436 
EOL languages, 477 
flowchart. 1062 
systolic language recognition, 453 
by tree automata, 453 
systolic networks, 730 





systems, 1062, 1333 
tree automata, 477, I S64 
trees, 453 
systems, simulations of -, 1333 
systolic trellis automata, 580 
computational complexity of -. 580 
systolic VLSI trees, 453 
models for -, 453 
systolically operating networks of processors, 453 
&alas, 1046 
Szymanski. Hunt. Rosenkrantz and -, 656 
T 
T logic system, 1219 
T time on average, 3474 
over uniform distributions, 3474 





TOL-systems, 197, 693 
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To -topologies, 211 
T, spaces, 672 
table of a group, multiplication -, 79 
tableau deductions, 2477 
tableau method, 1219, 3295 
for formulas, 1219 
tableau 
of a formula, 3077 






proof procedure, 2450 
tableaux, 2249, 2406 
analytic -, 2477 
tables, 2117, 2251 
completing -, 776 
tables of 
operations, 7 12 
rules, 642 




tabular formats, 2534 
combination of -, 2534 
tabular interpretations, 3807 
for generalized push-down automata, 3807 
tabular parsing algorithms, 1540 
tabulation, 3807 
TAG parser, 3 172 
tag sequences of Cobham, 1144 
TAG (tree adjoining grammar), 1650, 3055, 3172 
taguin, jeu de -, 2259 
tail 
distribution, 3463 
of a distribution, 3463 
operajon, 3 191 
recursion, 2209 




tail-reduction-free, 24 17, see also TRF 
Tait and Plotkin, 2321, 2594 
Tan’s proof of confluence for theh-calculus, 2321 
Takahashi, 619 
Takahashi’s relations, 1832 
Takamizawa et al., 2127 
Takanami 
and moue, 2393 
Inoue and -, 507 
tally 
degrees, 1462 
oracles, 172 1 
reduction classes, 3014 
set, 1506 
sets, 992, 1445 
sets, recursive -, 3038 
TAM (temporal agent model), 2484 
Tamaki, 1413 
and Sato, 1608, 3089 
Sato, Levi et al., 3341 
Tamaki-Sato, 1608 
transformation, I41 3 
unfold/fold transformation, 1413 
tangent cone, 3592 
tape bound computations, 166 
tape bounded complexity classes, 62 
tape bounded complexity classes of 
languages, 62 
SLA languages, 62 
tape bounded computations, 166 
tape bounds for sla processing, 62 
tape complexity, 40 
tape complexity classes, 184 





tape, isomorphic, log n -, 147 
tape, log n -, 62 
computable, 147 
tape 
one-way -, 948 
read-only -, 263 
tape reductions, log n, 147 
tape-bounded probabilistic machine, 265 
transducers, 265 




two-dimensional Turing machines, 507 
Turing computations, nondeterministic -, 194 
tapes, 2107, 2178, 2264 
W, 116 
d-dimensional -, 2562 
heads versus -, 553 
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Tarjan, 78, 2565 
Tarjan, algorithm of 
Even and -. 927 




van Leeuwen, 2252 
Tarlecki and Wirsing, Miiller, -, 3524 
Tarski, 482. 1046 
Tarski-Kleene-Knaster theorem, 482 
converse of -, 482 
Tarski’s 
and Riguet’s relational algebra, 307 
classical representation theorem, 3499 
fixed point theorem, 3023 
Tarski’s proof, 482 
of lattice completeness, 482 
Tarski’s 
reductionist semantics. 2155 
theorem, 1192 
task graphs, 3238 
task-farm topology, 3240 
task-oriented shared memory implementation, 3738 
tasks 
arriving -, 2720 
assignment of - to processors, 362 
heavily interdependent -, 362 
high degree of independence of -, 362 
image processing -, 2659 
ordering of -. 362 
partially ordered set of -, 245 
recurrIng -. 2262 
tasks, scheduling 
aperiodic -, 2720 
of -, 245 
tasks to processors, 362 
task-tree, 3482 
tau-inertness. 3388 
5-laws, 727, 3459 
r-semilinear, 1320 
T-steps. 727 
tautologies, 93 1 
tautology problem, 154, 1005 
formalization of the -, 154 
tautology testing, 154. 244 
taxonomy of 
event oriented processes, 1678 
fairness, 1547 
Tay. Goodman and -, 1169 
Taylor, 2095 
expansion. 1473 
polynomials, 3 II6 
TC, 2785 
power of -, 2785 
TCA (total correctness assertion), 977 
TCA-proving powers, 977 
TCCS process calculus, 1781 
TCSP parallel operator. 2649 
T-cuts, 3 101 
team identification, 3553 
teams, aggregating -, 2609 
teams of programmers. 13 12 
techniques 
analytical -, 2716 
approximation -, 2076, 2620 
combination -, 2686 
common deterministic automata-theoretic -, 2740 
equatlonal -, 2063 
iterative -, 2773 
lower-bound proof -, 2419 
Mellin-transform -, 2116 
nonmonotonic -. 2198 
optimal graph reduction -. 2688 
performability modeling -, 2441 
probabilistic -. 2716 
recovery -. 2388 
recursive query processing -, 2533 
relatlvizable proof -, 2211 
standard program-analysis -, 2620 
term-rewriting -, 2692 
transformation -, 2681 
tree pruning -. 2308 
Tecton proof system. 2534 
Teitelbaum. 1375 
telecommunications ervices, 3070 
template dependencies, 369 
template matching. 1726, 2600 
temporal, 2635 
agent model, 2484, see nlso TAM 
behavioral, 3337 
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details, 1407 
events, 1567 
executable specifications, 3337 
formula, 269, 3271 
formulae, 1425 
formulas, 1098, 1495, 3516 
Horn clause logic basis, 3337 
interactions, 2144 
dependencies, models of -, 2638 
temporal logic, 269, 753, 1068, 1123, 1216, 1220, 
1367, 1425, 1485,1547,1568, 1665, 1802, 
3049,3271,3378,3472,3619 
basic elements of -, 269 
effective proof systems for -, 1220 
first-order -, 93 1, 1367, 3048, 3049 
temporal logic for 
conflict-free Petri nets, 1216 
Petri, 1216 
temporal logic 
infinitary regular -, 2033 
interpretability of arithmetic in -, 1367 
temporal logic language, I388 
first-order -, 1367 
temporal logic 
model checking, 1123 
of actions, 3356, 3611 
operators, 1216, 1621 
temporal logic problem, 1388 
for Petri nets, 1388 
temporal logic 
propositional -, 967, 3195 
quantified propositional -, 967 
semantical frameworks of -, 1367 
temporal logic semantics, 2650 
refinement of -, 2650 
temporal logic 
synthesis, 1123 
with time-gaps, 3048 
temporal logic with until, 1098 
but no next, 3195 
temporal logics, 522, 851, 899, 967, 1416, 1495, 
1761,2033,2635,2650,2787,3428,3525 
temporal logics 
branching-time -, 2787 
hierarchy of -, 2787 
temporal logics of programs, 967, 1495 
decision procedures for -, 967 
temporal logics 
propositional -, 2033 
semantics for -, 522 
temporal operator, 1416 




temporal programming paradigm, 3337 
temporal proofs, 1220, 1327, 1495 
power of -, 1220, 1327 
temporal properties, 1556 
of reactive programs, 1556 
temporal 
propositional symbols, 3525 
queries, 3337 
reasoning, 1556 
temporal semantics, 269, 1416, 2650 
of concurrent programs, 269 
temporal 
specification language, 1068 
specifications, 3362 
systems, 1220, 1556 
theory, 1367 
verification method, 2409 
Teng, Miller and -, 3193 




border rank of a -, 558 
tensor-product approximants, 3240 
tensors, 1238 
term abstraction, 669 
term algebra, 2065, 2878 
modulo associativity, 2686 
term algebras, 650, 766, 1431, 1619 
modulo equational theories, 3683 
heterogeneous -, 766 
programs on -, 766 
term 
always denoting a,3575 
completion modulo AC, 2999 











rewrite rules, 1001 
rewiting systems, left-linear -, 2878 
rewrite languages, implementing -, 1363 
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first-order format of -, 2321 
noncopying -, 2882 
outermost -. 882 
rules, 875 
system, 1461,3244,3385,3506 
system, infinite -, 2999 
term rewriting systems, 697, 802, 843, 959, 1414, 
1442, 1552, 1687,2036,2404,2598,2646 
2801,2947,3273,3384,3680,3818 
disjoint union of -, 2404 
ground -, 959 
hierarchical -, 3013 
term rewriting systems, modular 
properties of -, 2882 
property of -, 2801 
term rewriting systems 
nonorthogonal -, 2878 
nonoverlapping -. 2878 
orthogonal -, 2878 





substitution, 1489. 2200 
without normal form, 222 
termed fixed-parameter tractability, 2757 
termed multilist layering, 2676 
term-generated 
equivalence, 3441 
extensional models, 2880 
models. 650 
reduction, 3441 
terminal algebra, 372 
semantics. 696 
terminal 
alphabet, l-letter -, 656 
alphabets, 1379 
ballistics, 3605 
terminal coalgebras, 2201, 2375 
existence of -. 2201 
terminal 
invariant interpretations of EOL forms, 301 
labeled node, 6 I3 
object, 1236. 1740 
pairs, 1291 
Petri net languages, 2420 
S-coalgebra, 295 1 
subtrees, 1832 
symbols, 599. 2274 
symbols. rewriting -, 341 
term, 1058 
terminal-like nonterminal, 254 
terminating, 1552, 1555, 2036, 2147, 2556. 2681 
behaviour. 2374 
computations, 1604 
higher level grammar, 1058 
partial deduction procedure -, 2330 
rewrite rules, 727 
semi-Thue system, 2687 
sequences of computations, 112 1 
sets, 2160 
simplification system, 2749 
string-rewriting system, 1263 
term rewriting systems, 2598 
termination, 248, 307, 314, 367, 585, 802. 842, 900. 
977, 1081, 1158, 1171, 1260, 1412, 1456, 




enforcing -, 220 
fair -, 645. 1260 
Floyd’s well-founded sets method for -, 248 
modular -, 2801 
modularity of -, 2598, 2801 
termination modulo equations, 3456 
termination of 
algorithms for subtyping and typechecking, 3299 
all possible execution sequences, 60 
events. 1482 
programs, 109 
rewrite systems. 3385 
rewriting, 727 
termination 
preservation of -. 2598 
problems, 2687 
proof of -, 900 
termination proofs, 367, 1755. 2062, 2379, 2646 
automatizing -. 2580 
simphfication orderings in -, 367 
termination properties, 60, 3013 
termination property, 2598 
of term rewriting systems, 2882 
termination 
proving -. 367 
theorem, 3456 
universal -, 2379 
termination-rule, 2152 
terminology, 2385 
term-rewriting, 36 18 
system, 1516 
term-rewriting systems, 367, 1066, 2062. 2070, 2126. 
3618, 1277-1279 
coherent equational -, 1263 
completion of -, 1279 
complexity analysis of -, 1277 
orderings for -, 367 
term-rewriting techniques, 2692 
terms 
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abstraction -, 2156 
as natural transformations, 3581 
branching structure of -, 2373 
CCS -, 2373 
combinatory -, 2200 
concrete -, 2484 
first-order -, 2749 
in a language, 1438 
individual --, 2711 
h -, 2015.2100.2585 
language-theoretic -, 2792 
linear arithmetical -, 2606 
manipulation of -, 2126 
monomial -, 2529 
monotone -, 2613 
nested -, 2295 
non-AC-equivalent ground -, 2685 
observation -, 2644 
terms over 
a finite signature, 3385 
infinite signatures, 3385 
terms 
process -, 2263 
rigid -, 2379 
Gequivalent -, 2413 
typed combinatory logic -, 2200 
versus deductios, 13 12 
with bound variables, 3679 
ternary 
intermittent assertions, 2300 
model, 1148 
simulation of gate races, 1148 
tessellation acceptor, 497, 2393 
tessellation automata, 298, 545 
one-dimensional -, 298 
tessellation automata, open 
maps for -, 545 
parallel maps for -, 545 
tessellation automata, pattern decomposition for 
298 









test pattern generation, 1582, 2672 
problem for circuits, 1582 
test set, 768, 909 
for a language, 653 
test sets, 1582, 2231, 3443 
test sets for 
checking morphism equivalence, 653 
finite substitutions, 841 
test sets 
linear size -, 223 1 
single exponential -, 2231 
test, s-link -, 2037 
testable 
languages, 3041 
semigroups, locally -, 3041 
test-free propositional dynamic logic, 346 
testing, 1026, 3443 
algorithms, 3443 
approximate symmetry, 1498 
compositions of k palindromes, 1641 
containment, 1457 
dimension, 3443 
embeddability of graphs, 323 
equivalence, 963, 1026, 1623 
equivalences for processes, 663 
even palstars, 1641 
testing for conflict free covers, 1169 
testing for grammatical 
coverings, 756 
covering. computational problem of -, 756 
testing for 
large primes, 306 
preperfectness, 611 
testing 
identity to zero, 3 103 
membership, 1457, 3100 
of satisfiability, 3246 
partial confluence of basic semi-Thue systems, 
3681 
problem, 3230 
properties of the transformation semigroups of 
automata, 1836 
regularity, 1644 
satisfaction of guards, 3368 
shift-equivalence of polynomials, 3400 
simpleness of algebras, 7 12 
strong isomorphism, 1771 
subdirect irreducibility, 1847 
testing the 
necklace condition, 1250 
optimality of alphabetic trees, 1735 
testing uniqueness, 1457 
tests 
batteries of -, 729 
battery of -, 729 
modulop of irreducibility of polynomials, 15 
of collinearity, 1452 
sets of -, 663 
text, 1139. 1510, 1705 
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search, 3078 
string, 1709, 1712, 2487 
textual markup systems, 2303 
textual substitution. 2422 




Wagner and Wright, 546 
Thaw, 2889 
Thatte’s transformation, 2889 




Blair and Kunen, 1798 
Cesari Vincent, 177 




theorem prover, 68.5, 1036 
superposition oriented -, 685 
theorem proving. 661, 1036. 1672, 2063, 2748, 3371 
automated -, 2063 
complexity of -. 66 I 
procedure. 685 
theorem-prover, 3373 
theorem-proving system, 195, 196 
theorems 
classical -. 2222 
complexity -, 2526 
deviation -, 2523 
&-general -, 2763 
for branching programs. 1217 
@extension -, 2182 
in the philosophy of science, 513 
initiality -, 2065 
key -, 2488 
McKinsey- Malcev quasivariety -, 2065 
theorems of 
proof speed-ups, 1559 
recursive undecidability, 1559 
theorems 
quadratic convergence -, 2526 
representation -. 2299. 2647 
storage -, 2446 
theoretical 
computer science, 3028 
efficiency of various network flow algorithms, 
291 
process algebras, 2957 
theories, 612 
algebraic -, 2587 
defined by Horn clauses, 862 
dynamic -, 2297 
equational -, 2035,2147,2372,2541.2748 
extended -. 2035 
for processes, 30 I2 
Horn clause -. 2295 
logical -. 2074 
theories of 
bounded concatenation, 483 
concurrency, 3453 
permutations, complexity of -, 822 
theories 
permutative -, 2268 
n, -. 2357 
propositional -3 2198 
quasi-free -, 2268 
signed -, 612, 615 
success of -, 2633 
syntactic -, 2035 
type -. 2 185.2593 
theory, 1668 
and practice, 1668 
EON+. 1685 
for nondeterminism, 875 
morphism, 733 
theory of 2-structures, 1328, 1329, 1716 
theory of algebraic 
graph grammars. 15.57 
specifications. 548 
theory 01 
an algebraic tree, monadic -, 2990 
arrays under storing and selecting, quantifier-free 
-. 261 
automated learning, 3084 
avera&e optimal representation, 38 10 
Boolean expressions. 1081 
categorical rewriting. 3300 
codes. 1096 
combinatory representation, 1797 
computability, 737 
computably open subsets. 737 
computation over a ring, 3713 
computations, Scott’s -, 482 
computing and programming languages. 5 10 
concurrency, 27 1, 3486 
conditional rewriting. 1412 
convex polytopes, 3014 
data compression, abstract -, 500 
denumerable ordinals, decidability of the monadic 
second order -, 2946 
distributed systems. 1776 
divergence. 3 107 
domains, 27 1. I69 I 
EOL forms, 301 
effectivity, 738 
ends. 726 
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equality collectors, 428 
equations in free monoids, 588 
even functionals, 3069 
evidence, 3333 
exact analysis, 1470 
fairness, 1043 
finite automata, 1096 
formal languages, 511, 1667, 1681, 1702,3086 
fractals, 1817 
grammatical complexity, 299, 305 
graph-like expressions, 213 
Griibner fans, 3599 
hints, 3333 
infinite trees, 511 
integers under addition, quantifier-free -, 261 
iterated function systems, 2991 
iteration, 3442 
theory of labeled 
acyclic directed graphs, 1135 
partial orders, 1135 
theory of 
large software system specifications, 1557 
learning, 3084 
logic programs, 1454 
model inference, 1762 
monotone circuits, 739 
nested transactions, 1170 
nonsequential processes, 1776 
observation equivalence, 2961 
*languages, 3501,3517 
Wregularity, 1043 
one permutation, 822 
open subsets, 737 
path expressions, 701 
PDL, 1698 
Petri nets, 1765 
pomsets, I I57 
powerdomains, 246 
list structure under cons, car and cdr, quantitier- 
free -, 26 1 
nontrivial Abelian l-groups, existential -, 943 
theory of program 
testing, 729 
correctness, extensional -, 2992 
theory of rational 
series, 1810 
spaces, 3272 
theory of real addition, 225 
with order, 215 
theory of 
reals with addition, 226 
recursively enumerable subsets, 737 
regular languages, 1635 
representations, 738 
Riemann integration, 2991 
v3-theory of R,_,, 1804 
theory of 
semantic domains, 3438 
slice functions, 846 
subtypes, structured -, 1373 
symbolic expressions, 444 
synchronous systems, 1856 
the behavior of concurrent systems, 1 I35 
traces, 1135 
transaction management, 3631 
transtinite reduction, 3384 
trees, 1802 
types, 1628 
updates in databases, 1070 
well-quasi orders, 551 
theory-valued procedure, 612, 615 
Therien, 2088,3497 
and McKenzie, 2088 
thermal-diffusion model, 3604 
thermodynamic model, 3605 
9 representations, 1749 
o”k level of the polynomial hierarchy, 1569 
@square, 15 14 
Bsubsumption, 2037 
definition of -, 2037 
Thibon, Duchamp and -, 1718 
thin 
factors, 25 17 




characterization of -, 834 
method of -, 834 
topological characterization of -, 834 
third 
centralized moment, 1592 
level of the polynomial-time hierarchy, 1601 
truth value, 1458 
third-order 
linear differential equation, 3589 
polymorphic k-calculus, 1664 
Thomas, 1570 
Thomas, Matousek and -, 3254 
Thompson, 3343 
Thompson’s NFA, 3343 
Thomsen graph, 752 
three 
letter alphabet, 383 
phase mutation, 3839 
valued logic, 1387 
three-dimensional 
(3-D) polyhedral world, 2653 
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arrays, 463 
computer imaging, 2997 
lattice reduction, 815 
layout of Boolean circuits, 1805 
linear programming, 960 
space, 143, 15s 
thermal-diffusion model, 3604 
three-element codes. 782, 819 
properties of -, 8 19 
three-sorted system, 897 
three-valued, 2296 
completion semantics for abductive logic 
programs. 3247 
interpreter, 1458 
three-valued logic, 1453, 1458, 20.58, 2060, 2202 
programs, 2296 
results, 2202 
three-valued strong completion, 2058 
three-way, 2393 
context-free picture languages, 1380 
nondeterministic Turing machines, 2696 
picture languages, 1380 
three-way stripe 
linear picture languages, 1380 
picture languages, 1380 




Turing machines, 537 
threshold circtut 
depth, 1736 
of depth two, 2945 
threshold circuits, 1594, 1736, 1853, 2089, 2610, 
2945.3222 
n-input l-output -, 2610 
threshold 
elements, 2610 
function, 39, 870 
functions, 1594, 1736, 3305 
threshold gate, weighted -, 3014 
exact -, 3014 
threshold gates, 2089, 2181, 3222 










threshold-MOD q circuits, 3222 
thresholds, 2025, 25 10 
language of -, 2510 
threshold-XOR circuits, 3222 
through scheme. I343 
throw rules, 3383 
Thue, 383. 1354, 1767 
congruence. 1652 
Thue system, 504, 587, 1652 
finite -, 339. 611 
with decidable word problem, finite -, 697 
Thue systems. 611. 643,683, 690,697. 76.5, 1242. 
1300,1354 
equivalence problem for regular -, 869 
finite non-monadic Church-Rosser -, 654 
Thue systems. infinite -, 406 
regular -, 5 I2 
Thue systems 
monadic -, 728 
regular almost-confluent -, 869 
Thue-Morse 
infinite word, 1180 
sequence, 1196 
Thue’s infinite square-free sequence, 962 
Thurston algorithm. 3 145 
Thurston’s linear-time tiling algorithm, 3 147 
Tian, Huynh and -, 3002 
TICS system (algebraic compiler generator). 1684 
TID,, untyped predicative theory -, 233 1 
tlered monotonic recurrence, 2322 
tiers, 2322 
ties, 1184 
tight padding method, 1596 
tilable picture. 3 145 
tile assignments. 3493 
tile connectability problems, 2485 
treatment of -, 2485 
tile rotation, 3493 
problems, 3493 
tile sets. 2770 
tileability, 2561 
tiles. 2349, 2764 
tiling, 2460. 3485. 3493 
algorithm, Thurston’s linear-time -, 3147 
by one word, 1748 
for a chessboard-like coloured picture. 3 145 
pattern, 2981 
tiling recognition, 2764 
complexity of -, 2764 
tiling 
systems, 726 
the Morse sequence. 1748 
with dominoes, 3 145 
tilings, 2349, 2423, 2460,2559, 2561, 2764 
by reciprocal images, 2981 
of the discrete plane, 2981 
Tilson. 1118 
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time and space complexity, 616, 624, 1155 
classes, 773 
time bound, 2162.2395 
subexponential -, 2668 
time bounded 
automata, 333 
complexity classes, 661 
time bounded computations, 166 
of one-tape Turing machines, 166 
time bounded TM, 623 
time bounds, 164 
on maximal flow algorithms, 291 
time classes with linear alternation, 483 
time complexities, 2057, 2162, 2264, 2302, 2307, 
2400,2436,2475,2543,2562,2600,2656, 
2697 
time complexity, 40, 70, 285, 322, 323, 419, 429, 
532,1099,1119,1156, 1284, 1324, 1414, 
1507, 1508, 1509, 1540, 1566, 1576, 1578, 
1642, 1650, 1703, 1735,3055,3173,3563 
classes, 525, 1377, 1587, 1642 
time complexity of 
an algorithm, 3020 
recursive real continuous functions, 419 
the all-covers problem, 3255 
time constmctibility, 689 
of functions, 689 
conditions for -, 689 
time 




hierarchy theorem, 3019 
instantiation patterns, 669 
instants, 2300 
time Lower bounds, 2933 
for CRCW PRAMS, nonexistence of -, 2933 
time 
nondeterministic Turing machine, 633 
oriented NLP, 1495 
Petri net, 93 
requirement, 2137 
separation results, 532 
spent in computing functions, 1366 
structures, 3048 
unit, 2759 
units of -, 2416 
with branching gaps, linear -, 3048 
time-bounded 
ATM’s, 1281 
multistorage Turing machines. 2 178 
nondeterministic multicounter machines, 1270 
time-complexity, 2403 
time-consuming, 2052, 2649 
timed automata, 2410 
behaviours, 2039 
behaviours, compound -, 2039 
theory of -, 2410 
timed 




CSP model, 1114 
failures-stability model, 1114 
infinite traces model, 2630 
model for communicating sequential processes, 
1114 
predeterministic processes, 2630 
process algebras, 2629 
processes, 3610 
refinement, 2629 
regular behaviour, 2919 
setting, 2630 
stability model, 1114 
transition systems, 2626 
words, 2410 
time-dependent, 2388, 2441 
failure statistics, 2388 
interpretation of predicates, 3337 
time-equivalence problem, 3448 
time-gaps, temporal logic with -, 3048 
time-optimal solution, 410 
time-out, 2012 
time-precision tradeoff, 492 
time-precision tradeoff problem, 492 
on on-line probabilistic Turing machines, 492 
timers with arbitrary delays, 3610 
times 
average service -, 2075 
execution -, 2144, 2466 
search -, 2487 
update -, 2487 
time-sharing operating systems, 2466 
time-space classes, 225 
time-space complexity, 1655 
measure, 1189 
oracle decreasing -, 2520 
polynomial-related -, 2177 
time-space 
efficient string-matching, 2756 
optimal, 1705 
time-space tradeoff, 403 
for sorting with linear comparisons, 855 
for sorting with linear queries, 403 
relation, 403 
time-space trade-offs, 855,924, 2092, 2137, 3166 
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for element distinctness, 924 CAD -9 2672 
time-space-bounded Kolmogorov complexity, 1784 laboratory -, 2737 
405 
time-space-parallel complexity measure, 1189 
timestamp ordering, 1100 
timestamp-based algorithms, 2794 
timestamps, 2794 
time-variable colours, 1366 
timing 
characteristics, 3432 
constraints, 24 10 
of events, 3722 





T-indecomposable set, 1355 
Tindell, Bloom and -, 363. 682 
tit for tat strategy. 1262 
Tiuryn, 543 
Benson and -, 1320 
TL (trace language), 679 
TLA (linear-time temporal logic), 3271 
TLA (temporal logic of actions), 3356, 3611 
TL-schemes, 363 
TM (Turing machine), 861, 1281, 2933 
TMH (Turing machine with moving head), 3228 
TM.% 2797 
TMT (Turin& machine with moving tape), 3228 
Toeplitz 
linear system of equations, 3233 
matrices, 3233 
Toffoli, 2779 
Torte and Milner, 2376 
token 
distribution problem, 1030 
game, 3062 
passing in graphs, 3259 
token-free circuits, 617 
tokenization, 3808 
token-passing mutual exclusion, 2583 
tokenring, self-stabilising -, 2920 
tokens, 2007, 2141, 2169, 2197, 2595 
size of -, 2595 




tolerating faults, 2443 
Tomita. 820, 1200 
tomography, computer-aided -, 2927 
Tompa 
and Dymond, 2562 
Ruczo, Simon and -, 1445 
toois, 730 
order-theoretic -, 2338 





design methodologies, 1292 
topdown design of a parallel PRAM dictionary. 
2922 
top-down 
execution phase. 1 I7 1 
generalized automata. 1579 
method, 3362 
phase, 1171 
programming, 256, 710 
proof procedure, 3425 
reduction extension, 1021 
style. 2263 
top-down tree 
transducers. 1724, 3799 
transformations, 2937, 3534 
topic, 25 1. 379, 383 
top-level goal, 1413 
topological, 2 170 
bandwidth for planar graphs problem, I I 12 
topological border rank, 1238 
of tensors, 1238 
topological 
characteriratlon of thinning, 834 
characterizations of infinite tree languages. 1007 
concepts, 918 
topological condition on applicability, 202 
of a production, 202 
topological conjugacy of dynamical systems, 1757 
topological dynamics, 860, 3228 
of Turing machines, 3228 
toolc of -. 860 
topological entropies, 1272 
topological entropy, 3228 
topological entropy of 




field of real numbers, 3355 
filling, 2766 
flavor, 2 154 
formulation, 2313 
framework for &languages, 476 
graphs, 2994 
topological hierarchy, 889 
of accepted Q-languages, 570 
topological imbedding, 3478 
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topological invariants, 1352 
of classification problems, 1352 
classical -, 1352 
topological Markov chains, 1227 
generalization of -, 1227 
topological 
methods for algebraic specification, 3202 
operations on w-languages, 3517 
principles, 3272 
proof, 23 I3 
topological properties, 738, 834, 2753 
topological properties of 
multistage interconnection networks, I21 1 
networks, 1211 
representations, 738 
the space of arrays, 498 
topological 
property, 1603 
realization of graphs, 323 
recursion theory, 737 
representations of hypergraphs, 1599 
size, 1637,2762 
topological space, 836 
topological space with a regular 
or self-similar structure, 3272 
structure, 3272 
topological 
spaces, 1352, 1637,2154, 3272 
spaces, ordinary -, 2151 
status, 2766 
topological structure, 2151, 2170, 3272, 3355 
of the real numbers, 2995 
topological 
structures, 1352 
structures, generalized -, 2994 
techniques, 3439 
theory of learning, 3084 
topoIogical transformations, 730 
on unrollings, 730 
topological upper bounds, 2134 
existence of -, 2134 
topologically 
equivalent, 1211 
sorted directed acyclic graphs, 1640 
transitive, 3221, 3225 
valid skeleton, 834 
topologies, 2151, 2154, 2288, 2628, 2660 
topology, 211, 836, 1603. 1817, 3084, 3578 
complete metric -, 498 
lower -, 672 
topology of 
arrangements, 1722 
interconnection networks, 938 
metric spaces, 3578 
stable functions, 1728 
sequences, natural -, 836 
topology 
on languages, 918 
ordinary -, 2994 
pointfree -, 3 110 
subword -, 918 
topology-update, 3488 
topos, 1201, 1319, 1830 
setting, 2590 
theory, 1371, 2095 
toposes, 1448 
top-strict condition generalizing, 2058 
Toran and Lozano, 2163 
toric varieties, 2529 
theory of -, 2529 
torus, 256 1,2597,2659,2769 
SIMD -, 2659 
tossing coins, 2360 
total complexity, 2658 
total correctness, 275, 279, 521, 556, 645, 977, 1858, 
2013,2099,2300 
total correctness assertions, 977 
Manna-Cooper method for proving -, 977 
total corectness, calculus of -, 521 
in nonstandard logics of programs, 977 
total correctness of 
nondeterministic programs, 275 
program transformation, 3276 
total deterministic 
macro tree transducers, 831 
programs, 2805 
total 
division orderings, 2581 
effective operators, 12 
embedded edge length, 2076,2604 
failure rate, 2441 
function, 1302 
functions, 325,523,620, 1017, 1527 




total heterogenous algebras, 650 
total maps, 2590 
total monadic recursion, 535 
scheme, 535 
total objects, 672 
of domains, 672 
total 
order, 1157, 3521 
orders, 228 
precedence case, 3249 
projections, 1449 
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recursive functions, 239 
regulators, 789 
search cost, 27 I7 
size, 2444 
spaces, 612 
value, 2437, 2465 
variation distance, 3151 
totality, 879 
totally 
defined objects, 1624 
ordered sets, 560 
parallel grammars, 489 
undefined function, 121 
tour, 1250 




tours, 2399, 2513 
constant approximate -, 2399 
constructing competitive -, 2471 
generating multiple closed -, 2513 
Towers of Hanoi, 1022 
towers of subgroups, 1265 
Toyama. theorem of -, 2801 
TPOL (transaction partial ordering logic), 3472 
TPOL satistiability problems, 3472 
TR2-ATM (three-way two-dimensional alternating 






continuity of -, 664 
equivalence, 700, 1623,2102,2641 
equivalence, pomset -, 2373 
equivalences, 3389 





language, recognizable -, 947 
trace languages, 947, 1002, 1717, 1806 
aperiodic real -, 3071 
first-order definable real -, 3071 
recognizability for real -, 3071 
star-free real -, 307 I 
trace logics, 679 
trace model, 761 
for communicating processes, 761 
trace 
monoids, 1702.2299.2784 
of a walk in the plane, 711 
of the matrix inverse, 1130 
trace replacement systems, 1385 
finite -, 1248 
trace semantics, 761, 2013 
for modular proofs, suitability of -, 761 
trace 
set, 664 
theory, 664, 880, 1336, 1776, 2579, 2804, 2900, 
3215,3527 
transformation, 898 
trace-based compositional proof theory, 2439 
trace-equivalence, 1482 
traces, 898,947, 1026, 1135. 1202, 1385, 1436, 1815. 
2105,2176,2299,2390,2409,2786, 3086. 
3527,3807 
code problem for -, 3419 
directed set of -, 2176 
extension of -, 2299 
generalization of -, 2 176 
intinitary -, 2299 
traces of computations, 3807 
traces, partial -, 2545 
order semantics of -. 2409 
traces 
set of -, 664 
sets of -, 1336 
space of infinite -, 2920 
theory of -, 1336 
word problems over -, 1385 
trace-set semantics. 880 
tractability, 3207 
tractability of 
constructing reduced automata, 695 
cut-free Gentzen type propositional calculus, 
3182 
NP-hardness, 493 
the common descendant problem, 406 
tractable, 3293 
complexity, 695 
fixed-parameter -, 2757 
queries, 3530 
semantics, 3293 
tractable subproblems, 3766 
of satistiability, 3766 
tractable unrestricted regular expressions, 695 
tractable word problem, 406 
trade-off, 3469 
between update and retrieve transactions, inherent 
-, 343 
for circuits. negation versus complexity -, 262 
results, 5 I3 
theorem for space and reversal, 632 
trade-offs, 3076 
area-time -, 493 
between update and retrieve transactions, 343 
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in computing power, 17 
on average complexity, 343 
time-space -, 2092.2137 
traditional 
completion, 2 147 
graph rewritings, 2673 
logic, 1301 
mathematical theory, 444 
set theories, 1142.2155 
systems, 2077 
traffic allocation problem, 2383 
training sequences, 1255 
trajectories, 262 1.2625 
of animals, 3142 
optimal solution -, 2441 
piecewise-linear -, 2620 
possible plant state -, 2625 
Trln and Ibarra, 22 13 




executions, 363 1 
logic, 2532 
management, 3631 





transaction-based specifications, 3624 
transactions, 736, 1170, 1424, 1545, 1759, 2794, 
2795 
average complexity of -, 343 
constraints, 1759 
CSL -, 3345 
synchronization among -, 736 
transceiver configuration, 3539 
transcendence degree, 903 
transcendent Turing numbers, 480 
transcendental 
behaviour, 970 
function gates, 3100 
functions, 3100 
generating function, 2948 
number, 3175 
transducer, 1143,2072,2552,2730 
bottom-up finite-state tree -, 2072 
deterministic finite -, 2231 
left subsequential -, 2073 
macro tree -, 83 1, 955 
nondeterministic finite-state -, 2458 
optimizing finite-state -, 2458 
right subsequential -, 2073 
total deterministic macro tree -, 831 
transducers, 831,876, 1200, 1461, 1589, 1724.2546, 
3520,3799 
equivalence problem for finite valued finite -, 
909 
equivalences of finite valued -, 909 
transducers, finite, -, 909 
transducers, finite valued -, 909 
finite -, 909 
transducers, 
macro tree-to-string -., 831 
minimal factor -, 876 
multivalued -, 909 
pushdown -, 505 
subsequential suffix -, 876 
transductions, 98,693, 763, 1091, 1184, 1522, 1589, 
1772, 1809, 1832 
of formal power series, 1809 
cyclic rational -, 1325 
of finite image, cyclic rational -, 1325 
on regular languages, single-valued rational -, 
925 
rational -, 37, 925 
transductor, 114 
method of Nivat, 64, 114 
transductors, characterization of -, 65 










induction, principle of -, 2636 
reduction, 3384 
transform 
attribute grammars, 1342 
integral -, 2711 
Mellin -, 2356, 2711, 2714, 2716 
transformation, 1409, 1632 
algorithms, 1669 
deforestation -, 3276 
transformation dictionaries, 
definition of large -, 256 
large -, 256 
transformation 
factorization, 1669 
limit-taking -, 1372 
transformation of 
definite programs, 1608 
monadic trees, topdown finite state -, 25 
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SAT instances, 1507 
text, 1184 
total graph structures, 3342 
transformation 
piecewise linear -, 1232 
process, 2131 
rules. 256, 260, 399, 1687 
rules, correctness of -, 399 
semigroup T, 2 110 
transformation semigroups, 397, 1836, 2 110 
decomposition of -, 2110 
of automata, 1836 
holonomy decomposition of -, 397 
transformation 
strategies, 1022 
strategy, 268 1 
transformation system, 256, 1295, 2145 






systems, program -, 256 
system, unfold/fold -, 2060 
transformational 
approach, 374, 1670 
characterizations, 1348 






proof system. 963 
property, 1348 
system, 1372 
transformations. 1139, 1232, 1343, 1372, 1411, 1413, 
1436, 1441.2061,2131,2200,2215,2331, 
2374,2448.2490,2510,2559,3276 
aftine -, 2235 
compile-time -, 2048 
dinatural -, 2203 
double-pushout -, 2131 
equivalent -. 1343 
explicit polynomial -, 2377 
fixpoint -. 2448 
for e-unification, 1276 
good sets of basis -, 256 
in schemes, equivalent -, 1343 
mto specialized programs, 1670 
linear-time -, 2726 
maligness preserving -, 3477 
method of -, 1276 
normalizing -. 2072 
transformations of 
a program text, basic -, 374 
abstract data types, 372 
CLP modules, 3089 
constraints. 1425 
context-free grammars, 829 
COS Y path programs, 1744 
database schemes, 1524 
equations, 1292 
grammars, 152. 351 
graph-like expressions, 399 
logic programs, 1413 
LP problems, 22 1 
probability measures, 2920 
programs, 256. 898, 1305, 1372, 1669, 3620 
programs, algorithm for -, 1376 
recursive program schemes, 179 
regular systems, 829 
transformations of rewrite 
systems, 2889 
systems, confluence preserving -, 2889 
transformations of 
sequential specifications into concurrent 
specifications, 1441 
systems of inequalities, 210 
systolic systems, 1333 
transition systems, 732 
trees, 379, 1652, 1724, 1832, 3534 
unification problems. 324 
transformations 
on communication structures, I I10 
preserving correctness, 1666 
program -, 256. 3343 
semantic -, 2302 
single-pushout -, 2131 
structural -, 2 133 
transformations, system -, 829 
of-, 1295 
transformed 




transforming. 2185, 2682 
embedded implications, 2533 
mixed systems, primitives for -, 2929 
node. 1089 
normal logic programs, 2059 
programs, I376 
regular expressions to finite automata, 1632 
relational queries. 2224 
transient 
behaviour, 805 
data retrieval process, 2293 
faults. 33.53 
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length, 798 
transient time, 2397 
lengths, 2216 
transition edges, 784 
transition function, 283, 825, 1050 
transition functions, 745, 2352 
local -, 944 
non-symmetrical -, 410 
transition graphs, 1425, 1795, 3163 













relation, branching -, 2633 
semigroups, 1392, 2110 




specifications, 2271.3818, see also TSS 
labelled -, 3215 
transition systems, 384, 606, 662, 732, 899, 1121, 
1128,1213, 1776, 1782, 1828, 1829,2300, 
2403,2582,2641,2669,2745,2990 
asynchronous -, 2579, 3063 
branching -, 2633 
category of -, 264 1 
compositional -, 1362 
equivalences of -, 2641 
finite labelled -, 2482 
inevitability properties of -, 2300 
labelled -, 2403,2579,2669, 2804, 2900 
probabilistic -, 2740 
properties of -, 384 
structured -, 2028 
timed -, 2626 
with divergence, 1026 
transitional semantics, x-calculus -, 3265 
transitions, 764, 891, 899,942, 1199, 1213, 1336, 
1343,2028,2231,2235,2408,2583,2730 
algebraic structure of -, 2028 
DES plant -, 2627 
disabling -, 93 
transitions in 
nets, 579 
Petri nets, 56,93,531 
transitions 
labeled with atomic actions, 3455 
monoid of -, 2730 
prespecified set of -, 2583 
transitive, 2197, 2644 
binary relations, 3404 
transitive closure, 78, 364,893, 929, 1324, 1375, 
2225,2428,3030,3173 
algebraic structures for -, 78 
transitive closure of 
an acyclic digraph, 1116 
dags, 1324 










permutation group, 74 
reduction, 1116 
sofic systems, 857, 1234, 1272 
strongly -, 860 
vertex series-parallel graphs, 2906 
transitively reduced directed graph, 3412 
transitivity, 907 
translate arithmetic expressions, 370 
from infix to prefix, 370 
translatibility results among classes of programs, 256 
translating, 2403, 2653 
documents, 3809 
translation, 644,732,763, 1035, 1192, 3802, 3818 
between information bases, 3110 
between operational and denotational semantics, 
smooth -, 662 
depth-bounded -, 13 
translation of 
a functional language into Dactl, 1363 
h-terms into combinators, 1240 
paraIle1 programs, 3060 
polynomial time - intuitionistic into classical 
propositional logic, 180 
symbolic formulas into compiled code, 3603 
vertices, 1389 




to nondererministic sequential form, direct -, 36 
Manslational 
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diagonalization, 532 
lemmas, I4 
motion planning, 2653 
translations, 83 I, 900,950, 2063, 2446, 257 1, 2594. 
2642.2648 
between logics, 3373 
autoepistemic -, 2040 
default -, 2040 
F--, 13 
meaning-preserving -, 2648 
translations of 
equality, 1419 
rewriting systems, 1150 
temporal logic of actions into monadic 
second-order logic, 3611 
translations 
process-calculus -, 2571 
projection -, 2269, 2727 
transmission 
concurrence, 3539 
delay, 185 1 
device. 1355 
transmitting 
communications protocol -, 263 1 
task of -, 2380 
transparent calculus, 818 
of invariants, 818 
transparent 
grammars, 554 
two-level grammar, 554 
transportation graph, 3259 
transporting logical structures along maps, 3373 
transpose, 2115, 2659 
transposition 
heuristic, 342 
of matrices, 1535 
relation, 893 
transversal, 680. 1048 
problems, 680 
transversals 
algoritms for finding -, 680 
efficient algorithms for finding -, 680 
for sets of figures, finding -, 680 




trapezoidal decomposition, 2656, 3415 




tour, optimal -, 402 
traversal, 1192, 2379 
inorder -, 2604 
traversals, 741 
pairs of -, 741 
treatment, 2047. 2056.2333, 2478,2485,257 1 
axiomatic -. 2577 








recursive ascent -, 2056 
tree 
adjoining grammars, 1650, 3055, 3172 
automata, 453, 825, 1007, 1027, 1431, 1536, 
1564,2221,2408,2990,3275,3336 
algebras, pseudoidentities for -, 3072 
tree automata, 
deterministic top-down -, 2705 
iterative -, 633 
nondeterministic synchronized -, 2415 
simulating alternating -, 2663 
synchronized -, 2415 
tree automaton, 728, 3072 
double stochastic -, 2949 
model, 2415 
stochastically costed -, 2949 
with tree pushdown store, 728 
tree 
automorphism problem, 285 
bimorphisms, 4 15 
compression, 103 1 
data structures, 648 
decompositions, 2506 
edit, 2697 
functions, 2 112 
functions, primitive recursive -, 2112 
tree grammars, 1579, 2274 
attributed -, 2274 




in a random graph, largest -, 479 
inference from a walk, 3097 
tree language, 3535 
representation. 203 I 
theory, 825 
tree languages, 1007, 1431,2031,2407,2415,24S9, 
3275 
recognized by synchronized tree automata, 3275 
congruential -, 222 1 
frontier testable -, 3072 
inference of -, 2459 
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inferring -, 2459 
logical definability of -, 2407 
look-ahead -, 2705 
reverse definite -, 3072 
tree 
machine, 407 
network topology, 3487 
tree of a 
prefix code, 243 
program derivation, 260 
tree 
of Lyndon words, 1140 
patterns, 355 1 
prunning techniques, 2308 
power series, formal -, 544 
tree pushdown store, 728 
tree automaton with -, 728 
tree 
realizing a walk, smallest -, 3097 
recognizability, Myhill-like criterion for -, 544 
recognizers, 2459 
reducing machine, 728 
tree replacement system, 728 
reductions in -, 728 
tree representation, 2735, 3423 
for distributive and simplicial lattices, 3173 
of graphs. 3423 
tree representation scheme, 741 
k-ary -, 74 1 
tree 
rewriting system, 728 
search method of Berman, 1517 
series, 544, 1446 
storage, 407 
tree structure, 3294 
for distributive lattices, 3173 
tree 
structures, 648 
struclures, nonlinear -, 648 
transducer, macro -, 83 1 
tree transducers, 146 1, 1724, 2072, 2 112, 3799 
attributed -, 2112 
copying top-down -, 2556 
deterministic top-down -, 2556, 2705 
macro -, 2112 
tree transductions, 453, 1832 
tree transformation 
classes, 1504, 1652, 1724, 3534 
classes, composition of -, 2937 
languages, 25 
tree transformations, 1652, 2705, 2937, 3534 
deterministic top-down -, 2705 
tree 
traversals, 741 
update problem, 2122 
walking look-ahead, 1724 
tree-connected networks, 1692 
tree-decomposable graphs, 2127 
tree-like structures, 1604 
tree-packing, 3478 
tree-recognizability, 544 





algebraic sets of infinite -, 511 
trees, algebras of 
infinite -. 546 
regular -, 568 
trees 
algorithms on -, 86 
alignment of -, 2697 
and codes, 3094 
as models for processes, 3310 
attached to a limit cycle, 298 1 
AVL -, 452,2424 
binary -. 2076, 2254, 2394, 2498, 2604 
brother -, 2424 
by languages, representation of -, 126 
category of -, 662 
causal -, 2263 
Cayley -, 2498 
cedar -, 577 
constructor -, 2336 
derivation -, 2028.2127 
directed -, 2141 
edge labelings for -, 391 
encoding arrays into -, 232 
families of -, 2175, 2246 
feature -, 2336, 2749 
finite symbolic -, 2632 
fundamental properties of infinite -, 511 
generating -, 605 
grammatical codes of -, 2394 
guingois -, 2244 
infinite -, 511, 2031, 2173 
k-ary -, 741 
k-split -, 2128 
labeled -, 2247, 2697 
?L--, 222 
lexicographic generation of -, 205 
lop-sided -, 2244 
Lyndon -, 2083 
mary -, 2246 
minimal path length of -, 2701 
morphisms of -, 662 
multiple alignment of -, 2697 
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network model, 1386 
node-labeled -, 2394 
non regular -, 256 
not locally finite -, 295 
observation -, 2192 
of w-segments. 3048 
*decision -, 2081 
operations on -, 662 
ordered -, 2119,2697 
partial order structure on -, 662 
path length of -, 2701 
power series on -, 379 
trees, random -, 2720 
pairs of -, 2175 
trees, recognizable set of -, 2776 
trees, regular -, 256 
binary -, 205 
trees. representation 
by -, 663 
of -, 126, 132 
trees 
representations of k-ary -, 741 
IX--, 652 
Z-labelled -, 2803 
special languages of -, 379 
trees 
split into patterns, 3139 
submonoid of -, 2072 
succinct representation of -, 2072 
suffix -, 2487 
synchronization -, 662 
unary -, 2459 
unique split -, 2128 
unordered -, 2697 
well-balanced -, 2246 
trees with 
indexed leaves. 256 
labelled arcs, 662 
trees, iA--, 222 
tree-structures, 766 
tree-to-string translations, 831 
tree-transformations, 1832 
treewidth, 3390, 3408 
of graphs, 3254 
Trehel and Na’imi, 2252 
TRF (tail reduction free), 2417 
property, 24 17 
rewrite systems, 2417 
triadic decompositions of tensors, approximative 
1238 
trial-and-error computer experiments, 3075 
triangle inequality, 402, 3399, 3504, 3559 
triangles, 2726 
problem, partition into -, 816 
triangular 
canonical form, 762 









graphs. 1045, 1842 
plane graphs, 3 198 
triangulation, 1452. 2167, 2656 
of matrices, 303 1 
Delaunay -. 2167 
problems, minimum weight -, 1251 
triangulations. minimum length -, 1251 
triconnectivity testing, 1386 
trie, 1709 
for matching a finite set of patterns, 683 
tries, 1107 
trilinear aggregating, 649 
trio 
generators, 106 I 
operations, 1061 
trios, full -, 293, 294 
triple modular redundant system, 2439 
triple-free graphs, 3408 
trivial 
cell probe algorithm, 2700 
result, 2706 
schemes, 1825 
tropical semiring, 2408, 2541 
true concurrency, 1678 
equivalences, 3073 
semantics, 1677 
true interleaving equivalences, 3073 
true-concurrency semantics, 2132 
truly asynchronous network, 3220 
truncated automaton, 1473 
truncation, 3601 
truncations 
eigenvalues of northwest corner -. 614 
of infinite matrices. 614 
truth, 1410. 1416.2014. 2327 
truth table, 8 
query machines, 153 I 
truth values, 949, 3630 





reducibilities in NP, 3130 
reducibility, 607 
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reducibility, generalized -, 607 
reductions, 1581,3108 
Tp -like semantics, 2370 
Tseitin formulas, 1840, 3096 
Tseitin’s method, 1840 
Tsitsiklis, Papadimitriou and -, 3099 
TSS (transition system specification), 2271, 3818 
T-structures, 2229 
TTE (type 2 theory of effectivity), 2182 
T-trivial monoid, 3413 
tt-self-reducible sets, 1581 
Tucker, Bergstra and -, 1854 
conjecture of Bergstra and -, 1268 





generating dependencies, 742 
recognition problem, 2226 
tuples, 2225, 2408, 2545, 2790 
of words, 3086 
argument -, 2680 
Turakainen’s theorem, 2949 
in the framework of trees, 2949 




nondeterministic -, 216 
Turing acceptors, 14, 116, 216, 840 
otype -, 116,216,840 
Turing complete, 1421 
Turing complexity, 1642 
of word problems, 1642 
Turing degree, 1074,2499 
Turing degree of 
a minimal algebra, 1854 
an oracle, 3468 
the inherent ambiguity problem, 6 
unsolvability, 6 
Turing functions, 480 
Turing machine. 525,532, 1032, 1054, 1497, 1581, 
3486 
acceptance problems, 1289 
acceptor, 330 
acceptor, probabilistic -, 330 
acceptors, probabilistic -, 492 
complexity classes, sharp time bounds for 
one-tape -, 166 
computations, UTIME of -, 532 
model, 1500 
multidimensional -, 407 
nondeterministic d-dimensional -, 322 
program, 2464 
strategies, 1262 
time hierarchy, 532 
Turing machine with moving 
head, 3228 
tape, 3228 
Turing machines, 6,29, 116, 165, 166, 184, 216, 220, 
428,480,525,580,689, 1000, 1083, 1445, 





I-inkdot alternating -, 2421 
l-tape -, 1378 
alternating -, 431, 518, 537, 2421 
complex model of -, 2516 
deterministic one-tape -, 2115 
halting of -, 2516 
log-time alternating -, 2771 
multitape -, 665, 856 
natural hierarchy of -, 2223 
Turing machines, nondeterministic -, 184,480,2421 
polynomial-time -, 2025 
single-tape -, 2264 
with only universal states, 2421 
Turing machines 
nonerasing -, 2464 
off-line multitape -, 2520 
one-tape off-line -, 2115 
power of -, 236,688 
probabilistic -, 255, 492, 503 
restricted classes of -, 525 
simulation of -, 2043.2172, 2178 
space bounded -, 220 
three-way nondeterministic -, 2696 
time-bounded muitistorage -, 2178 
Turing machines with 
a very small number of program instructions, 
3281 
linear alternation, 483 
Turing non-polynomial functions, 1366 
in polynomial time, 1366 
Turing 
numbers, 480 
query machines, 153 1 
reducibility, 8, 607, 992 
reductions, 2788 
self-reducible set, 3014 
tapes, 2107 
reducible sets, polynomial time -, 255 
Turing-computable function, 2226 
turning 
machines, 2699 
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regular expressions into NFA’s, 3123 
Tune, 2243 
Lynch and -, 3258 
TWZ-AFA (two-way two-dimensional alternating 
finite automaton), 1256 
TW2-AFA’s, equivalence of 2-dota’s to -, 1256 
TWDM multihop lightwave networks, 3539 
twenty questions, game of -, 3566 
twin shuffle, 670 
two- and three-dimensional inear programming, 960 
two 
person games, 7 17 
way machines, 422 
two-adjacent context-free languages, 817 
two-component assertion language, 3577 
two-connected outerplanar graphs, 1291 
two-dimensional additive cellular automata, 3032 
two-dimensional alternating 
finite automata, 2393, 2696 
Turing machines, 537, 1256, 1269 
two-dimensional 
categories, 6 12, 6 I5 
cellular automaton, 2559 
connected orientable combinatoric manifold 
without boundary, 2997 
deterministic on-line tesselation acceptor. 1256 
domain decomposition problem, 3234 
dynamical systems, 1230 
factors, 25 I7 
finite automata, 507 
grid precedence graph, 2755 
iterative arrays. 1083 
language. 1636 
two-dimensional lattice, 3397 
modulo tn. 3397 
two-dimensional mesh, 2467 
architecture, 2443 
two-dimensional 
modular lattice, 2392 
nondeterministic cellular automaton, 2393 
objects, 25 I7 
on-line tessellation acceptors, 497 
packing problem, 3484 
two-dimensional pattern matching, 497 





patterns, 2393, 2756 
pictures, 496 
plane, 2731 
rectangular input, 2393 
reversible cellular space, 3285 
two-dimensional scenes, 1577 




unit-square objects, 2654 




two-input Boolean functions, 835 
bases of -, 835 
two-input gates, 224 
two-layered theory, 2049 
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system, 2325 
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language, 3039,314l 
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languages, density theorem for -, 970 
unambiguous liftings, 2105 
unambiguous oracle, 3541 
unambiguous rational 
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reductions of monoids, 987 theory of -, 2630 
regular sets, 1002 unbounded number of 
relations, 987 alternations, 1509 
sets, inherently -. 604 nonterminals, 1133 
unary unbounded 
OL systems, 452,485 power, 2489 
alphabets, 877. 2213 problems, 3020 
assertions, 2300 quantifiers, 1570 
CA languages, 1093 redundancy, 481 
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node-labelled -, 423 
undirected Hamiltonian circuit problem, 816 
undirectedn-vertex graph, 2076 
unequations, 892 
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approach, 2054 
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measures, 160 I 
uniform concurrency, 961 
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random perfect matching, 2739 
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strict deterministic languages, 445 
substitutions, 2508 
substitution S,, 2508 
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termination problem, 2687 
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uniform transformational system, 1372 
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unintended type equalities, 3027 
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1472, 1658, 1693, 1801 
operations, 1284 
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solutions, detecting -, 910 
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universality of type-free h-schemes, 652 
universality problem, 2410 
universality properties, 3626 
universally branching Turing machines, 1790 
universally polymorphic recursive procedures, 1723 
universally quantified 
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unsatisfiable formulas, 2025, 2237 
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unsolvability, 312 
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times, 2487 
transactions. 1424, 1759 
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V-algebras, 371 
Valiant, 151, 618, 1507, 1850 
and Vazirani, 2025 
et al., 1132 
Valiant’s class, 916 
D#P,255 
Valiant’s 
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prefix property, 1004 
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validation problem, 2180 
validity, 631,729, 2265,2267, 2378, 2644, 2749 
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problems, 2284 
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quantified Boolean formula -, 2574 
sound and complete axiomatizations of -, 971 
testing the - of formulas in propositional logic, 
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variable elimination, 76, 3371 
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rule, 3273 
variable 
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free version of the h calculus, 63 
variable length 
codes, 1505 
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service rate, 2385 
time completion units, 3737 
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variable-based. 3371 
variable-free 
abstract representation, 2096 
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variable-preserving rule, 2043 
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propositional -, 2763 
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variety of finite 
locally trivial semigroups, 3497 
monoids, 3497 
variety of 
languages, *--, 297 
locally idempotent semigroups, 3041 
M-automata, 853 
over testable languages, 3041 
semigroups, 1113 




VASS (vector addition system with states), 891 
finite -, 891 
VASS’s of dimension two, 859 
Vazirani and Valiant, 2025 
VCCS (vector controlled concurrent system), 3308 
VCCS submodels, 3308 
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concurrent systems, 3195,327l 
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